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THERMOCHEMISTRY  OF  ELECTROLYTE  SOLUTIONS 


V.  INTEGRAL  HEATS  OF  SOLUTION  OF  NaCl  and  MgCl,  •  6H,0 
IN  WATER  AT  TEMPERATURES  OF  +2  AND  -6* 

K.  P,  Mishchenko  and  I.  F,  Yakovlev 
Lensoviet  Technological  Institute,  Leningrad 
Original  article  submitted  June  9 ,  1958 


The  thermochemical  study  of  aqueous  solutions  of  electrolytes  over  a  wide  range  of  concentrations  and 
temperatures  is  of  essential  interest  both  in  developing  the  theory  of  solutions  and  in  certain  branches  of  industry. 
The  polytherms  of  the  integral  heats  of  solution,  thermal  capacity,  and  partial  molal  derivatives  of  these  values 
obtained,  coupled  with  other  data,  make  it  possible  to  characterize  in  more  detail  the  nature  of  electrolyte  solu¬ 
tions  and,  in  particular,  to  elucidate  the  role  of  the  solvent  in  the  formation  of  the  solution.  For  aqueous  solu¬ 
tions.  this  role  is  most  prominently  expressed  at  temperatures  close  to  and  below  0*,  since,  in  this  case,  the  ther¬ 
mal  motion  has  the  least  disrupting  effect  on  the  primary  structure  of  the  water.and  the  interaction  between  ions 
and  solvent  must  appear  most  clearly  under  these  conditions. 

EXPERIMENTAL 

The  exceptional  paucity  and  Inconsistency  of  energy  characteristics  of  water— salt  solutions  close  to  0*  [1 
to  4]  compelled  us  to  extend  investigations  in  this  field.  For  this  purpose,  we  planned  and  made  two  low-tempera¬ 
ture  calorimeters  [5],  which  made  it  possible  to  measure  Integral  heats  of  solution  with  an  accuracy  of  ±  0.3%. 

By  means  of  these  apparatuses,  we  studied,  at  -t-2  and  —6*.  the  integral  heats  of  solution  in  water  of  NaCl  and 
MgCl2  •  BHjO  over  a  wide  range  of  concentrations,  and  also  at  several  concentrations  of  MgCl^.  The  latter  meas¬ 
urements  made  it  possible  to  calculate  the  heat  effect  of  MgClj  *  GHjO  formation  from  anhydrous  salt  and  water 
at  +2  and  —6*.  and  thus  convert  to  the  isotherms  of  the  integral  heats  of  solution  of  Mg^lj  at  these  temperatures. 
We  described  the  measurement  technique  previously  [5,6]. 

The  experimental  data  obtained  are  presented  in  Tables  1-3. 

We  should  note  that  there  are  no  values  at  all  in  the  literature  for  the  integral  heats  of  solution  for  aqueous 
solutions  of  strong  electrolytes  at  temperatures  below  0*  and ,  as  far  as  we  know ,  we  are  the  first  to  make  such 
measurements. 

Measurements  at  temperatures  below  the  crystallization  point  of  water  involved  certain  difficulties.  First 
of  all,  under  these  conditions,  it  was  Impossible  to  dissolve  the  salt  directly  in  water  or  to  dilute  a  prepared  stable 
solution  with  water.  Solution  of  the  crystalline  salt  in  a  stable  liquid  solution  gave  us  only  intermediate  heats  of 
solution,  and  to  obtain  AH^p  from  them  we  had  to  have  at  least  one  value  of  the  integral  heat  of  solution  at  the 
given  temperature.  This  value  can  only  be  obtained  by  converting  values  of  AHp^  measured  at  a  higher  tempera¬ 
ture  to  —6*,  by  means  of  Kirchhoff’s  equation.  For  this  conversion,  we  used  the  temperature  dependences  of  the 
heat  capacities  of  crystalline  salts  for  NaCl  [7]  and  for  MgClj  *  6H2O  [8].  We  measured  the  heat  capacity  of  the 
corresponding  solutions.and  the  heat  capacity  of  pure  water  was  calculated  by  Bartoli  and  Stracciatl's  equation  [9]. 

On  the  basis  of  these  data,  we  calculated  AHp^  at  —6*  for  each  salt  from  one  basic  value,  and  using  the 
heats  of  dilution  or  concentration  of  stable  solutions  at  the  same  temperature,  we  constructed  all  the  isotherms 
of  AHjji  at  “6  . 
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TABLE  1 


Integral  Heats  of  Solution  of  NaCl  In  Water  at  +2  and  —6* 


_mole  NaCl 
'"‘lOOOgHjO 

(caL) 

Vnom 

Notes 

Temperature  +2* 

0.0624 

1846 

0.1248 

1817 

0.2001 

0.3005 

1780 

1706 

Average  value  of  AH^, ,  each  from  three 

0.4003 

1650 

direct  solution  experiments. 

0.5002 

1632 

0.7504 

1531 

1.0058 

1.4395 

1439 

1303 

Average  value  of  AH^n,  each  from  two  measure 

1.9457 

1187 

ments  of  the  Intermediate  heats  of  solution 

2.5017 

1035 

3.1064 

946 

3.6363 

839 

4.0012 

4.5586 

767 

680 

Average  value  of  AH^^,  each  from  two 

4.9966 

619 

measurements  of  the  heats  of  dilution. 

5.3569 

534 

6.0004 

454 

Temperature  “6* 

2.5294  1 

1211  1 

Calculated  from  Klrchhoff’s  equation. 

3.0004 

3  5017 

1075 

949 

Average  value  of  AHjjj,  each  from  two 

4.01.52 

838 

measurements  of  the  intermediate 

4.6000 

732 

heats  of  solution. 

4.0012 

856 

1  Average  value  of  AH^^ ,  each  from  three 

5.0012 

693 

/  measurements  of  the  heat  of  dilution. 

TABLE  2 

Integral  Heats  of  Solution  of  MgCl2  * 

6HjO  in  Water  at  +2  and  —6* 

mole  MgClz 
“1000  gHjO 

ah„,(£!^) 

'mole,' 

Notes 

0.0472 

0.1004 

0.2306 


Temperature  +2* 


—2484 

—2450 

—2404 


1  Average  value  of  AHm»  each  from  three 
I  direct  solution  measurements. 


0.4064 

0.6140 

0.8260 

1.0645 

1.2960 

1.5015 

1.7170 

1.9163 


—2336 

—2272 

—2206 

—2143 

—2076 

—2011 

—1934 

—1854 


Average  value  of  each  from  three 

measurements  of  the  Intermediate  heats 
of  solution. 


•As  In  all  work  from  our  laboratory,  the  "minus"  sign  corresponds  here  to  the  liberation,  and  the  "plus"  sign  to 
the  absorption,  of  heat. 
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TABLE  2  (continued) 


molcMg^ 
1000  gHjO 


Notes 


2.3704 

2.8017 

3.4496 

4.0069 

4.6144 

4.8463 

5.4515 


1.5890 

1  7672 
1.7719 
1.9365 
1.9431 
2.1132 
2.1351 
2.3140 
2.2824 
2.4895 
2.4178 
2.5836 
2.7223 
2.7434 
2.9002 
2.9254 
3.1068 
3.2874 
3.4100 
3.6084 
3.7676 
3.9312 
4.0718 

4.5222 


-1634 

—1334 

—  952 

—  602 
—  305 
+  10 
-f  572 


Average  value  of  each  from  three 
repeated  dilution  exj^riments. 


Temperature  —6* 

1168  I  Calculated  from  Klrchhoff's  equation 

1153 
1163 
1145 
1160 
1150 
1149 
1103 
1124 
1066 
1098 
1063 
1001 
1012 
955 
943 
883 
810 
707 
630 
540 
440 
361 


126 


Values  of  AHm  from  intermediate  heats 
of  solution. 


Average  value  of  AHn^  from  two  measurements 
of  the  heats  of  dilution. 


TABLE  3 


Integral  Heats  of  Solution  of  Anhydrous  MgCl|  in  Water  at  •f2  and  —6* 

1 

Temperature 

mole  MgClx 

1000  g  H,0 

[^J 

1 

+2® 

—6 

0.0425 

1.4811 

—35662 

—33970 

In  connection  with  the  fact  that  we  were  forced  to  obtain  the  integral  heats  of  solution  from  the  heats  of 
dilution  of  more  concentrated  solutions  by  less  concentrated  ones,  we  put  forward  a  simple  method  of  calculating 
them  by  means  of  the  following  thermodynamic  cycle: 
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TABLE  4 


Relative  Partial  Molal  Enthalpies  of  NaCl  and  HjO  in  Aqueous  Solutions  of  NaCl,  Calculated 
from  Our  Data  at  ■l■2  and  —6*,  the  Data  of  Scholz  [2]  and  Lehtonen  at  0*  [4],  and  of  N,  K. 
Voskresenskaya  and  G.  N.  Yankovskaya  at  50*  [10],  and  Presented  by  Wilst  and  Lange  at  25* [11] 


_  mol.  NaCl 

m  = . 

f  _  — 

mVm 

dAH« 

L,=.-4H 

Vm 

d^H„ 

”■  2 

65.508 

d^m 

2 

dVm 

IOOOkI^O 

-«• 

0* 

+2» 

+25® 

+60® 

-6® 

0® 

+2® 

+25® 

+50® 

0.1 

0.1 

0.3 

0 

—  648 

—  641 

+102 

0.2 

— 

0.3 

0.3 

0.1 

— 

— 

—  678 

—  606 

+  90 

— 

0.3 

— 

0.6 

0.5 

0.2 

— 

— 

—  769 

—  680 

+  62 

— 

0.4 

— 

1.2 

0.8 

0.4 

— 

— 

—  859 

—  741 

+  28 

— 

0.5 

— 

2 

1.9 

0.7 

— 

— 

—  953 

—  883 

—  10 

+151 

0.6 

— 

2.7 

2.8 

1 

— 

— 

—1022 

—  968 

—  48 

+151 

0.7 

— 

3.4 

3.5 

1.5 

— 

— 

—1082 

—1024 

—  85 

+151 

0.8 

— 

4.5 

4.3 

2 

— 

— 

—1164 

—1079 

—120 

+151 

0.9 

— 

5.8 

5.1 

2.6 

— 

— 

—1254 

-1129 

—156 

+151 

1 

— 

7.2 

5.9 

3.1 

— 

— 

—1334 

—1181 

—188 

+151 

1.5 

— 

13.3 

11 

5.7 

— 

— 

-1593 

—1412 

-343 

+  63 

2 

22.4 

20.4 

16.8 

10.2 

22.4 

—2100 

—1839 

—1594 

—466 

—  45 

2.5 

31.3 

28.4 

23.5 

14.2 

31.3 

—2313 

—2026 

—1765 

—556 

—  77 

3 

41.1 

37.4 

30.9 

15.2 

41.1 

—2511 

—2204 

—1930 

—626 

+  54 

3.5 

51.8 

47.1 

38.9 

20 

51.8 

—2700 

—2374 

—2050 

—671 

+171 

4 

63.3 

57.6 

47.6 

21.2 

63.3 

—2865 

—2548 

—2185 

—688 

+153 

4.5 

75.6 

— 

56.5 

21.9 

75.6 

—3015 

— 

—2305 

—683 

+150 

5 

84.6 

— 

63.5 

21.5 

86.4 

-3141 

— 

-2434 

—656 

+137 

5.5 

— 

— 

76.7 

17.4 

— 

— 

— 

—2550 

—620 

— 

6 

— 

— 

87.3 

19.8 

~ 

—2633 

—570 

TABLE  5 


Relative  Partial  Molal  Enthalpies  of  MgClj  and  1^0  in  Solutions  of  MgClf  in  Water, 
Calculated  from  Our  Data  at  +2  and  —6*,  and  the  Measurements  of  Yu.  Ya.  Kaganovich 
at  25*  [12] 


mol.  MgCl; 
*”^1000gH|0 

1 

In 

m\/m 

d^Hm 

In  = 

-  AH 

dAH„, 

2  •  55-508 

d)/m 

dy/m 

1  -«*  1 
1 

+2® 

+25® 

-6® 

+2® 

+25® 

0.2 

—  0.3 

—  1.5 

661 

870 

0.4 

— 

—  1 

-  2.3 

— 

805 

1155 

0.6 

— 

—  1.9 

—  4.1 

— 

905 

1385 

0.8 

— 

—  3.4 

—  10.4 

— 

1024 

1620 

1.0 

— 

—  5.5 

—  12.8 

— 

1153 

1845 

1.5 

—  1.3 

—  12.7 

—  26.5 

1071 

1442 

2430 

2.0 

—  4.7 

—  34 

—  44.6 

1175 

2131 

3090 

2.5 

—  23.9 

—69.3 

—  74.6 

1644 

3011 

3915 

3.0 

—  71.3 

—98.2 

—120.1 

2600 

3594 

4725 

3.5 

—113.9 

—137.7 

—164.9 

3322 

4271 

5625 

4.0 

—175.2 

—187.5 

—240.3 

4224 

5004 

6585 

4.5 

—226.6 

—273.8 

—320.2 

4888 

6129 

7560 

5.0 

— 

—375.3 

-420.1 

— 

7499 

8520 

5.5 

—453.5 

—495.2 

8219 

9375 

hence. 
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Fig.  1.  Isotherms  of  the  integral  heats  of  solution  of  MgClf  in  water  at 
various  temperatures:  l)  our  data]  2)  data  of  Kaganovich  and  Mlshchenkoi 
3)  data  of  Winkelmann  (close  to  0”). 


mole  NaCl 


Fig.  2.  Isotherms  of  Integral  heats  of  solution  of  NaCl  in  water  at  various 
temperatures:  1)  our  data;  2)  data  of  Scholz  and  Lehtonen;  3)  data  of 
Wust  and  Lange;  4)  data  of  Voskresenskaya  and  Yankovskaya. 
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Fig.  3.  Isotherms  of  the  partial  molal  enthalpies  of  water  Fig.  4.  Isotherms  of  partial  molal  enthalpies  of 
and  MgClx  at  various  temperatures.  water  and  NaCl  at  various  temperatures. 


or 


.  g\-^g2  gl 

—  AQgxpt. 

iL 

M 


Here  AHj^,  and  AHm^  are  the  integral  heats  of  formation  of  solutions  of  concentration  mj,  mj.  and 

ms.  The  values  of  AHj^^  and  AH^^  were  found  from  a  graph  of  AH^  =  /(m),and  AH^j  was  calculated  from 
the  equation  presented  above;  gj  and  gj  are  the  weights  of  salt  in  solutions  of  concentration  m^  and  mx;  Qexpt 
is  the  heat  of  dilution,  in  calories. 

The  intermediate  data  and  detailed  calculations  were  presented  in  [6]. 

On  the  basis  of  the  experimental  material  we  obtained,  combined  with  literature  data  already  available, 
we  constructed  curves  of  the  dependence  AHu^  =  /(m)  (Figs.  1  and  2),  and  also  calculated  the  temperature  co¬ 
efficients  (AH,^/AT)  and  the  relativO  partial  molal  enthalpies  over  wide  temperature  and  concentration  ranges. 

Tables  4  and  5,  and  Figs.  3  and  4,  show  the  concentration  dependencies  we  found  for  the  partial  molal  en¬ 
thalpies  of  water  (Lj)  and  the  corresponding  salt  (Lx)  for  several  temperatures. 
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DISCUSSION  OF  RESULTS 


On  the  example  of  the  NH^L--H20  system  at  25*,  for  which  the  exothermal  heat  of  solution  Increases  with 
an  Increase  in  concentration  (class  II)  [12,  13],  K,  P.  Mishchenko  and  A,  M,  Ponomareva  [14]  observed  that  with 
an  Increase  in  temperature,  the  curves  of  AH^  =  f(m)  regularly  changed  their  form  right  up  to  a  change  to  the 
opposite  slope,  i.e.,  the  exothermal  heat  began  to  decrease  with  an  increase  in  concentration  (class  I)  [12,  13], 

A  tendency  for  similar  changes  was  also  observed  in  our  laboratory  on  the  example  of  certain  other  systems 
(C0CI2-H2O;  MgS04  •  7H2C)-H20,  etc,).  Such  a  change  in  the  isotherms  of  the  integral  heats  of  solution  from 
class  to  class  is  apparently  determined  mainly  by  the  relative  effect  of  the  disruption  of  the  structure  of  the  water 
and  the  dehydration  of  ions  at  elevated  temperatures.  Therefore,  one  of  the  problems  of  this  work  was  to  show 
that  this  phenomenon  was  general,  on  the  basis  of  the  characteristics  of  the  temperature  displacement  of  the 
AHm  =  /(m)  isotherms  for  all  types  of  salts  over  a  wide  range  of  temperatures. 

The  isotherms  of  AHm  =  /(m)  we  obtained  for  salts  of  both  class  I  and  II  at  +2  and  — 6*.  combined  with 
available  high-temperature  isotherms,  made  it  possible  for  us  to  formulate  the  rules  of  the  observed  phenomena 
more  definitely. 

First  of  all,  for  all  the  systems  studied,  we  observed  the  following  rule:  with  an  increase  in  temperature, 
curves,  which  were  typical  of  class  I  at  25*,  increased  their  slope  in  the  direction  of  a  fall  in  the  exothermal  heat. 
On  the  other  hand,  curves  of  class  II  decreased  their  slope  in  the  direction  of  an  increase  in  the  exothermal  heat. 
Thus,  with  an  increase  in  temperature,  all  types  of  solution  are  characterized  by  the  same  tendency:  a  growth  in 
the  endothermal  part,  and  a  decrease  in  the  exothermal  part,  of  the  effects  forming  the  Integral  heat  of  solution. 
Figs.  1  and  2  illustrate  this.  In  this  connection,  with  a  sufficient  Increase  in  temperature,  curves  of  class  II  change 
into  those  of  class  I,  and  curves  of  class  I  become  even  mcxe  sharply  expressed.  Therefore,  it  was  to  be  expected 
that  curves  of  class  I  might  acquire  the  form  of  class  II  curves,  on  the  other  hand,  at  sufficiently  low  temperatures. 

Actually,  when  the  temperature  was  reduced  to  +2  and  then  to  —6*.  the  AHm  “  /("i) Isotherms  we  ob¬ 
tained  for  a  typical  representative  of  class  I.  MgCl2  *  6H2O,  in  the  concentration  range  up  to  the  limit  of  com¬ 
plete  solvation  (LCS)  [15]  became  closer  to  class  n.  It  is  true  that  we  were  unable  to  reach  a  temperature  at 
which  the  AHm  “  /(m)  Isotherm  for  MgCl2  •  6H2O-H2O  would  be  characterized  by  an  increase  in  the  exothermal 
heat  with  concentration,  but,  on  the  other  hand,  in  this  case,  we  were  able  to  observe  a  zone  of  practically  com¬ 
plete  independence  of  AHm  concentration  in  a  region  of  not  too  concentrated  solutions  (Fig.  1). 

The  second  interesting  peculiarity  of  the  picture  we  observed  was  a  clear  tendency  for  the  AHm  =  /(m) 
isotherms  to  draw  together  in  the  region  of  high  concentrations,  and  for  the  MgCl2  •  6H2O— H2O  system,  we  even 
found  that  the  Isotherms  for  +2*  and  +25*  merged. 

The  AHm  “  /(m)  Isotherm  at  50*  on  Fig.  2  (NaCl— H2O  system)  passed  through  a  maximum,  and  belonged 
to  class  in  in  accordance  with  the  classification  [12,  13].  According  to  the  data  of  wiist  and  Lange  [11],  a  small 
maximum  is  observed  for  this  system  close  to  saturation  concentration  on  the  25*  isotherm  also,  but  at  lower 
temperatures  the  AHj^  =  /(m)  isotherms  are  typical  of  class  II. 

The  change  in  the  course  of  the  AHm  ~  curves  with  temperature,  and  the  possibility  of  their  change 
from  one  class  to  another  may  be  explained  by  the  fact  that  with  a  change  in  temperature,  the  separate  endo- 
and  exo-effects,  forming  the  Integral  heat  of  solution,  change  differently.  Here  it  should  be  borne  in  mind  that 
a  change  in  the  structure  of  the  solvent  may  affect  the  course  of  the  AHm  “  /(m)  curves  only  up  to  the  limit  of 
complete  solvation,  and  to  a  temperature  of  80*,  while  there  still  exist  the  structural  forms  of  water  I— II— HI  in 
the  sense  of  the  Bernal  and  Fowler  model  [16],  Consequently,  the  endothermal  effect,  connected  with  disruption 
of  the  pseudocrystalline  structure  of  water,  may  appear  only  up  to  this  temperature,  and  only  up  to  the  LCS,  This 
leads  to  the  fact  that  with  an  increase  in  temperature,  the  slope  of  the  AHm  ~  /(tn)  curves  for  systems  of  class  II 
become  less  steep,  finally  one  of  the  isotherms  is  horizontal,  and  then,  at  higher  temperatures,  the  isotherms 
change  to  class  I. 

It  is  known  that  the  endo  effect  of  energetic  desolvation  decreases  with  an  Increase  in  temperature  since 
the  force  with  which  the  water  molecules  are  held  in  the  solvated  complexes  is  weakened.  However,  even  with¬ 
out  the  "structural  endo  effect,"  this  value  will  still  dominate  the  exo  effect  of  the  approach  of  ions,  and  will 
also  lead  to  a  change  into  class  I.  The  exo  effect  of  ion  approach  is  almost  temperature  Independent,  although 
the  dielectric  permeability  decreases  slightly  with  an  Increase  in  temperature,  and  this  must  facilitate  the  growth 
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of  the  exo  effect.  This  growth  is  compensated  for  by  the  decrease  due  to  thermal  expansion  of  the  solution  and, 
in  any  case,  cannot  be  an  appreciable  value  up  to  the  LCS.  At  high  concentration  beyond  the  LCS,  the  exo  ef¬ 
fect  of  the  approach  of  ions  may  have  a  comparatively  high  value  due  to  the  openness  of  the  solvation  sheath  at 
elevated  temperatures.  If,  in  addition,  beyond  the  LCS  there  appears  coordination  desolvation  with  disproportiona¬ 
tion  of  water  to  the  advantage  of  a  more  hydrophilic  ion  with  an  additional  exo  effect,  then  it  may  happen  that 
the  total  exo  effect  will  dominate  all  the  other  effects.  In  this  case,  the  end  of  the  =  f(m)  curve  changes 
into  class  n  and  if  the  first  part  of  the  isotherm,  up  to  the  LCS,  is  of  class  I,  then  we  will  have  the  type  of  curves 
of  class  IV  with  an  exothermal  heat  minimum. 

The  change  of  =  /(m)  curves  from  class  I  to  n  with  a  decrease  in  temperature  is  explained  by  the 

same  considerations,  namely,  that  at  low  temperatures  the  movement  of  the  particles  is  small  and,  therefore, 
right  up  to  the  LCS,  energetic  desolvation  decreases  slightly.  However,  with  a  decrease  in  temperature,  there  is 
a  considerable  increase  in  the  endo  effect,  connected  with  disruption  of  the  pseudocrystalline  structure  of  water, 
and  this  makes  the  total  endo  effect  in  this  concentration  region  strongly  endothermal. 


At  some  temperature,  the  endo  effect  will  be  compensated  by  the  exo  effect  of  ion  approach,  and  we  ob¬ 
tain  a  horizontal  section  of  the  line  (see  Fig.  l).  Further  growth  of  the  endothermal  heat  leads  to  a  curve  slope 
of  the  type  of  class  U  (if  a  liquid  phase  exists  at  these  temperatures),  or  gives  a  curve  of  class  in  with  an  exo¬ 
thermal  heat  minimum.  Thus,  the  chance  observation  of  a  horizontal  path  for  one  of  the  sections  of  the  AHi^i  ^ 
=  /(m)  Isotherms  at  some  temperature  cannot  be  considered  as  an  Indication  of  some  specific  structure  for  the 
solutions  at  this  temperature,  but  is  the  result  of  mutual  compensation  of  separate  effects  with  opposite  signs, 
which  form  the  integral  heat  of  solution. 

The  whole  of  the  experimental  material  confirms  our  views  on  the  structure  of  solutions,  and  gives  us 
grounds  for  stating  that  separate  sections  of  AH^  =  /(m)  isotherms  may,  in  principle,  be  horizontal  at  definite 
temperatures  for  aqueous  solutions  of  any  salts.  Here  it  is  not  at  all  obligatory  that  the  whole  isotherm  should  be 
horizontal  for  a  change  from  class  to  class.  The  nature  of  the  solutions  in  various  concentration  regions  is  so  dif¬ 
ferent  that  the  mutual  compensation  of  the  exothermal  and  endothermal  parts  of  AHm  may  occur  in  various  con¬ 
centration  zones  at  various  temperatures.  In  our  opinion,  exactly  this  circumstance  may  lead  to  the  appearance 
of  isotherms  of  classes  HI  or  IV  at  certain  temperatures. 


It  is  possible  to  establish  some  qualitative  rule  relating  the  temperature  region  in  which  the  AHf^  =  f(m) 
isotherms  change  h:om  class  I  to  H,  or  the  reverse,  on  the  one  hand,  and  the  nature  of  the  electrolyte  ions,  on  the 
other.  The  greater  the  solvation  energy  of  the  ions,  comprising  the  given  electrolyte,  the  lower  must  lie  the 
temperature  of  this  transition  zone;  on  the  other  hand,  the  more  weakly  the  ions  are  solvated,  the  higher  will  be 
the  temperature  of  this  region.  This  rule  is  quite  understandable  in  the  light  of  the  ideas  developed  above,  and 
is  confirmed  by  the  experimental  material  we  have  accumulated. 

In  the  case  of  solutions  of  the  weakly  solvated  NH/H(AH^<  =  —  78  kcal/g«ion  and  AH^^  =  —84  kcal 
per  g»ion)  the  transition  zone  of  the  Isotherm  occurs  in  the  region  of  35-37®,  and,  in  the  case  of  solutions  of  the 
strongly  solvated  MgCl2  (AH^8'*^'‘’=  —467  kcal/g»ion)  this  zone  is  displaced  to  the  region  of  —6*.  It  can  be  pre¬ 
dicted  with  certainty  that  for  CaClj  (AH^®'*^=  —386  kcal/g»lon)  this  temperature  lies  above  —6*,  and  for  BaClj 
(AHga*"  =  —320  kcal/g»ion)  it  is  even  higher.  On  the  other  hand,  in  the  case  of  solutions  of  BaFj,  which  have 
not  been  studied,  this  zone  must  be  displaced  considerably  below  —6*.  The  phenomena  examined  above  compel 
one  to  admit  that  the  classification  of  electrolytes  according  to  the  character  of  the  slopes  of  the  AHm  =  /(m) 
isotherms,  proposed  in  their  time  by  Mishchenko  and  Pronina  [13],  and  developed  by  Voskresenskaya  and  Yankov¬ 
skaya  [10]  are  only  applicable  in  the  temperature  range  around  room  temperature. 


The  tendency  of  the  AHm  “  /(m)  isotherms  to  approach  in  the  concentration  region  beyond  the  LCS,  which 
we  found,  remains  to  be  explained. 


Although  the  structure  of  the  solutions  is  considerably  more  complex  in  this  zone,  and  it  is  more  difficult 
to  explain  the  series  of  rules  observed  here,  nonetheless,  we  have  a  basis  for  stating  that,  beyond  the  LCS,  the 
qualitative  pictures  of  the  solution  structure  at  all  temperatures  and  for  all  types  of  salts  are  somewhat  similar  to 
each  other.  Here,  the  main  role  is  played  by  the  exo  effects  of  ion  interaction,  which  depend  very  little  on 
temperature.  This  leads  to  the  approach,  and  even  practical  mergence,  of  the  AHm=  f(m)  curves,  as  may  be 
seen  on  our  diagrams. 
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Naturally,  the  values  of  the  partial  enthalpies  and  the  temperature  coefficients  calculated  from  these  data 
confirm  these  conclusions  on  the  transition  of  the  systems  studied  from  one  thermochemical  class  to  another,  and 
the  character  of  the  changes  observed.  For  the  MgCli'SHxO^HsO  system,  the  predicted  increasingly  steep  fall 
in  the  L|  curves,  with  an  Increase  in  temperature  [12],  was  confirmed  (Fig.  3).  In  the  case  of  the  NaCl-^HtO 
system,  the  experimental  isotherm  of  the  integral  heats  of  solution  at  50*  [10],  about  which  we  were  doubtful, 
stands  out  even  more  sharply  as  unreliable  (Fig.  4). 

SUMMARY 

1.  The  integral  heats  of  solution  of  NaCl,  MgClj’GHsO  and  MgCl^  at  temperatures  of  ^2  and  -€*  were 
measured  over  a  wide  concentration  range.  The  corresponding  partial  molal  enthalpies  of  water  and  the  electro¬ 
lyte  under  the  same  conditions  were  calculated. 

2.  An  examination  of  the  concentration  and  temperature  dependencies  of  these  properties  obtained,  in  con¬ 
junction  with  literature  data,  made  it  possible  to  arrive  at  certain  conclusions  on  the  structure  of  concentrated 
solutions  of  electrolytes  and  its  change  with  temperature. 
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In  an  investigation  of  the  vapor  pressure  of  the  SnCl^-'CsHsOH  system,  a  positive  deviation  from  Raoult's 
law  was  observed  with  chemical  interaction  present  in  the  system  [1].  At  first  sight,  this  remarkable  fact  was  ex¬ 
plained  by  a  decrease  in  the  number  of  particles  from  the  formation  of  the  compound  SnCl4  *  4C(H50H. 

Since,  in  systems  formed  by  stannic  chloride  with  esters,  interaction  between  the  components  leads  to  the 
formation  of  the  compounds  SnCl4  *  2A  [2-8],  we  decided  to  study  the  vapor  pressures  of  these  systems,  expecting 
to  find  positive  deviations  from  Raoult's  law  and  also  additional  confirmation  of  the  composition  and  structure  of 
complexes  of  stannic  chloride  with  esters  [8-11]. 

An  article  by  Yu.  N.  Vol'nov,  which  appeared  recently,  was  devoted  to  a  study  of  the  vapor  pressure  of 
three  of  these  systems  [12].  We  consider  that  the  appearance  of  Vol'nov's  work  does  not  preclude  the  publication 
of  our  results,  since  we  measured  not  only  the  total,  but  also  the  partial  vapor  pressurei  in  addition,  our  data  do 
not  agree  completely  with  those  of  Vol'nov. 


EXPERIMENTAL 

The  esters  we  synthesized,  and  the  stannic  chloride,  were  purified  by  fractional  distillation.  The  best  frac¬ 
tions  were  distilled  and  sealed  in  ampules  on  a  special  apparatus  [13].  The  stannic  cliloride  was  distilled  over 
P2O5.  Our  preparations  were  characterized  by  the  constants  presented  in  Table  1. 

The  vapor  pressure  was  measured  in  the  ap¬ 
paratus  illustrated  in  Fig.  1.  The  liquid  was  stirred 
with  a  glass  stirrer  1,  the  upper  part  of  which  con¬ 
tained  an  iron  ring  2,  sealed  into  the  glass.  The 
stirrer  was  operated  by  an  electromagnet  3, 
powered  by  a  multivibrator  [14].  The  ebullioscope 
was  fitted  with  an  electrical  heater  4,  sealed  in  a 
glass  tube,  and  an  outer  jacket  5,  within  which 
was  circulated  water  from  an  ultrathermostat. 

The  vapor  pressure  was  measured  over  the 
temperature  range  from  15  to  97*.  From  the  data 
obtained,  we  constructed  IgP  —  1/T  diagrams, 
the  appropriate  sections  of  which  gave  the  vapor 
pressure  isotherms.  In  determining  the  partial  vapor  pressure,  the  condensate  was  analyzed  for  tin  by  a  gravi¬ 
metric  method.  The  heat  of  evaporation  was  calculated  from  the  Clapeyron— Clausius  equation.  The  results  of 
measuring  the  temperature  dependence  of  the  total  and  partial  vapor  pressures  of  the  systems 


Substance 

Boiling  point 
(pressure, mm) 

n" 

according 
to  Ut.  [15] 

our  data 

Stannic  chloride 

110.3* 

(692) 

- 

- 

Ethyl  acetate 

74.3 

(692) 

1.3728 

1.3729 

n-Butyl  acetate 

122.5 

(692) 

1.3951 

1.3950 

Isoamyl  acetate 

137.0 

(697) 

1.4014 

1.4013 

n- Butyl  propionate 

141.0 

(691) 

- 

1.4012 

Ethyl  propionate 

96.2 

(693) 

1.3839 

1.3839 

n-Butyl  formate 

103.2 

(693) 

1.3891 

1.3893 
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SnCl^- -HC00C4H„, 

SnCl4-r.H3COOC2H5, 
SnCl4-C,H6COOC,H5, 
SnCl4-CH3COOC4H„ 
SnCl4-C2H5COOC4H, 

and  SnCl4“CH8COOC5Hii  are  given  In  Tables  2-13,  respec¬ 
tively. 

Figures  2  and  3  show  the  total  and  partial  vapor  pres¬ 
sure  Isotherms,  and  also  curves  showing  the  dependence  of 
the  heat  of  evaporation  on  the  vapor  composition. 

As  Is  seen  from  data  In  the  tables  and  figures.  In  all 
systems  the  same  picture  was  observed.  In  general.  Along 
their  whole  course,  the  Isotherms  of  the  partial  vapor  pres¬ 
sure  of  the  esters  lie  below  the  additive  lines,  touching  the 
latter  at  100*^  ester.  With  a  considerable  excess  of  stannic 
chloride ,  the  partial  vapor  pressures  of  the  esters  fall  practi¬ 
cally  to  zero  (the  curves  touch  the  abscissa).  In  all  systems, 
the  curves  of  the  partial  vapor  pressure  of  stannic  chloride 
are  characterized  by  positive  deviations  from  additive  lines 
In  the  concentration  region  from  50-70  to  100  mole'^fcof 
stannic  chloride,  and  by  negative  deviations  at  lower  stannic 
chloride  contents.  These  curves  do  not  touch  the  additive 
line  close  to  100^  of  stannic  chloride,  and  have  a  horizontal 
tangent  on  approaching  of  stannic  chloride.  Thus,  at  up 
to  approximately  20  mole'^fcof  stannic  chloride,  the  vapor 
contains  practically  only  ester,  and  from  approximately  60 
mole%  of  SnCl4,  stannic  chloride.  This  Is  confirmed  Inde¬ 
pendently  by  the  heats  of  evaporation  we  calculated  for  the 
corresponding  concentration  regions,  which  coincide  with 
the  corresponding  heats  of  evaporation  of  the  components. 

,  .  -  .  ,  All  this  indicates  extensive  chemical  interaction  In 

Fig.  1.  Apparatus  for  measuring  total  and  ,  j  ,  r  i. 

...  the  system.  The  positive  deviation  of  the  partial  vapor  pres- 

partlal  vapor  pressure.  Explanation  In  text.  '  .  .  u,  jji.j  hi  j  u 

sures  of  stannic  chloride  from  the  additive  line  Is  caused  by 

an  Increase  in  the  mole  fraction  of  the  stannic  chloride,  oc¬ 
curring  as  a  result  of  Interaction  with  the  esters.  This  Increase  In  the  mole  fraction  of  the  stannic  chloride  must 
occur  with  the  condition  that  the  number  of  particles  arising  as  a  result  of  the  interaction  Is  less  than  the  number 
of  ester  molecules  undergoing  the  reaction.  Therefore,  the  formation  of  the  compound  SnCl4  •  2RCOOR*  must 
produce  a  positive  deviation,  since  a  particle  of  the  complex  contains  two  RCOOR*  molecules.  However,  had 
SnCl4  •  2RCC)OR*  dissociated  Into  two  Ions,  then  the  number  of  particles  formed  would  not  have  differed  from  the 
number  of  RCOOR*  molecules  entering  the  complex,  and  there  would  not  have  been  a  positive  deviation.  With 
the  formation  of  the  compound  SnCl4  *  3RCOOR',  which  dissociates  Into  two  Ions,  a  positive  deviation  must  have 
been  observed. 

Thus,  the  particular  course  of  the  partial  vapor  pressure  of  stannic  chloride  excludes  the  possibility  that 
the  sole  complex  compound  In  each  of  the  systems  Investigated  Is  SnCl4  *  2RCOOR',  which  is  electrolytically 
dissociated.  This  result  is  in  complete  agreement  with  previous  experimental  data  and  theoretical  ideas  [8-11], 

The  total  vapor  pressure  of  all  the  systems  Investigated  is  characterized  by  considerable  negative  devia¬ 
tions  from  additivity  and  the  appearance  of  azeotropic  mixtures,  containing  35-40  mole‘s  of  stannic  chloride. 

This  Indicates  the  formation  of  nonvolatile  compounds  of  stannic  chloride  with  esters. 

The  curves  representing  the  composition  dependence  of  the  heats  of  evaporation  pass  through  a  maximum 
in  the  region  of  25-35  mole'/o  of  stannic  chloride  and,  in  our  opinion,  this  reflects  the  formation  of  the  compounds 
SnCl4  •  2RCOOR*  and  SnCl4  •  3RCOOR*. 
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90 


CHjCOOCjHff 


CHjCOOC^^j 


CgHfC00C2Hs  SnClif 

Fig,  2,  Vapor  pressure  and  heats  of  evaporation  of  the 
systems  Snd4~C2H^COOC2Hgi  SnCl^  CH3COOC2Hgi 
and  SnCl4— CH3CCXX:5Hii:  1)  heat  of  evaporation;  2) 
total  vapor  pressure;  3)  partial  pressure  of  C2H^CX>34^; 
4)  partial  pressure  of  SnCl^. 


CzHsCOOC^Hs  SnCl^ 

Fig,  3,  Vapor  pressure  and  heats  of  evaporation  of  the 
systems  Sn01^‘^C2li^^OOC4ll^f  Snd4~0Fl300004ll2i 
and  SnCl4— HC0CX^4^9;  l)  heat  of  evaporation;  2) 
total  vapor  pressure;  3)  partial  pressure  of  C2HjC(X)C4H9; 
4)  partial  pressure  of  SnCl4, 


TABLE  2 

SnCl^-  iso-CHsCOOCsHu 


TABLE  3 

SnCl^-  Iso-CHjCOOCbHu 


SnClj  con¬ 
tent  of 
mixture  (in 
mole  *5^) 

Vapor  pressure 

SnClt  con¬ 
tent  of 
mixture  (in 
mole  %) 

Partial  vapor  pressures 

Heat  of 
evapora¬ 
tion  fin 
kcal/mole) 

60° 

90° 

SnC!, 

CH,COOC,H„ 

100.0 

118 

363 

100 

363 

8.9 

85.0 

110 

334 

— 

— 

— 

8.9 

79.0 

103 

313 

— 

— 

— 

8.9 

fiO.O 

50.0 

170 

98.6 

167.5 

2.5 

8.‘> 

.53.0 

.30.0 

116 

95.4 

110.7 

5.3 

9.4 

49.0 

22.0 

80.0 

83.5 

67.0 

13.0 

10.1 

43.0 

10.0 

55.0 

.56.0 

32.0 

23.0 

1,3.5 

40.0 

9.0 

53.0 

40.5 

21.5 

31.5 

14.1 

.38.0 

8.2 

.52.0 

.36.3 

19.0 

.33.0 

14.7 

imore) 
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TABLE  3  (continued) 


SnCL  conten 
of . mixture 
(in  mole%) 

, 

Vapor  pressure 

SnCl4  conten 
of  condensate 
(In  mole  °h) 

Partial  vaoor  pressures 

Heat  of 
evaporation 
(in  kcal/  mole) 

60° 

90° 

SnCI, 

CH,COOC»H„ 

36.0 

8.7 

.55.5 

24.0 

1.3.3 

42.2 

14.8 

34.0 

9.5 

.56.0 

11.5 

6.5 

49.5 

14.8 

33.8 

9.8 

57.5 

8.0 

4.5 

53.0 

14.7 

33.3 

10.5 

60.0 

8.4 

5.0 

55.0 

13.7 

28.0 

16.5 

76.0 

1.5 

1.0 

75.0 

12.3 

20.0 

29.5 

109 

0.7 

0.76 

108 

10.8 

14.0 

32.0 

122 

— 

— 

— 

10.6 

0.0 

41.0 

149 

0 

— 

— 

10.5 

TABLE  4 
SiiCl4-C,H^OOC,H* 


SnCl4 
content 
(mole  %) 


Boiling  point  (upper  figures) 

Vapor  pressure  (mm  Hg)  (lower  figures) 


100.0  1 

9.6® 

10.2 

19.2° 

18.1 

29.5° 

30.6 

39.8° 

50.5 

.50.9° 

81.0 

60.0° 

122 

70.0° 

180 

80.0° 

259 

90.1° 

362 

97.0° 

458 

78.0  j 

2.3.3° 

19.5 

26.6° 

22.7 

32.2° 

28.7 

36.6° 

36.9 

45.2° 

55.0 

50.2° 

69.1 

57.4° 

92.7 

64.0° 

120 

68.3° 

140 

75.0° 

180 

83.3° 

243 

91.5° 

322 

67.0  j 

29.2° 

21.0 

33.5° 

26.0 

41.2° 

37.3 

50.6° 

55.5 

59.4° 

81.9 

67.4° 

111 

75.3° 

151 

84.4° 

212 

92.5° 

283 

.59.0  { 

37.2° 

21.0 

41.5° 

27.0 

48.7° 

.37.0 

56.0° 

50.4 

65.9° 

76.6 

71.4° 

96.6 

78.2° 

127 

85.3° 

165 

92.0° 

211 

48.4  j 

41.3° 

13.0 

44.5° 

15.2 

47.5° 

18.0 

52.4° 

24.0 

59.1° 

36.5 

65.4° 

46.3 

73.4° 

68.5 

80.0° 

94.0 

89.2° 

140 

96.2° 

192 

4.3.7  j 

48.2° 

14.5 

51.1° 

17.5 

58.1° 

26.5 

64.5° 

38.5 

69.5° 

52.0 

74.1° 

66.0 

78.6° 

85.0 

83.0° 

107 

89.0° 

148 

92.4° 

175 

38.1  j 

48.4° 

17.7 

52.9° 

23.3 

56.4° 

29.3 

63.4° 

44.6 

68.4° 

60.5 

72.7° 

75.6 

76.5° 

94.5 

82.1° 

128 

85.9° 

160 

90.5° 

199 

33.4  j 

48.2° 

29.3 

50.8° 

34.0 

56.0° 

45.0 

60.0° 

58.0 

63.5° 

69.3 

67.3° 

85.0 

74.4° 

121 

80.2° 

157 

83.5° 

186 

87.8° 

227 

94.4° 

298 

30.0  { 

40.0° 

27.8 

46.2° 

39.0 

50.4° 

49.0 

57..3° 

68.5 

61.8° 

85.5 

68.1° 

116 

76.0° 

166 

84.4° 

239 

91.2° 

317 

26.0  1 

24.0° 

19.0 

32.4° 

29.3 

43.1° 

48.3 

.50.1° 

69.8 

58.7° 

102 

86.2° 

140 

73.0° 

185 

81.0° 

253 

90.5° 

362 

19.0  { 

20.5° 

19.8 

30.0° 

34.5 

38.8° 

.54.0 

49.0° 

88.0 

57.7° 

127 

66.8° 

186 

76.5° 

269 

84.9° 

366 

90.6° 

447 

0.0  j 

23.0° 

36.0 

26.2° 

41.7 

29.3° 

49.7 

.35.0° 

65.4 

41.6° 

87.4 

47.1° 

112 

53.8° 

149 

59.2° 

188 

65.0° 

236 

71.5° 

305 

77.8° 

384 

85.0° 

493 

TABLE  5 
SnCl4-C,H^OOC,H5 


SnClx  content 
of  mixture 
(in  mole  %) 

Vapor  pressure 

5nCl4Content 

Partial  vapor  pressures 

Heat  of 
evaporation 
(In  kcal/  mole) 

50® 

i 

70® 

'in  mole  °Jo) 

1 

1  SnCI, 

1  . 

C,H,COOC,H» 

100.0 

78.0 

178 

100.0 

178 

8.9 

78.0 

i;6.0 

1.55 

— 

— 

_ 

8.7 

67.0 

.54.0 

128 

— 

— 

— 

9.4 

(more) 
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TABLE  7 


SDCI4-CHSCOOC4H9 


SnCl4 
content 
of  mixture 

(mole  %) 

Vapor  pressure 

content  of 
:ondprisate 
lln  mole  %) 

Partial  vapor  pressure 

rieat  of 

50® 

70® 

90® 

SnCl, 

ch,cooc4H,  Kcal/  mole) 

100.0 

78.0 

178 

363 

100.0 

363 

8.9 

80.0 

68.2 

154 

316 

— 

— 

— 

8.9 

74.0 

61.7 

140 

292 

— 

— 

— 

9.0 

63.0 

48.8 

112 

217 

— 

— 

— 

9.1 

57.0 

37.4 

84.7 

174 

99.8 

174 

— 

9.0 

52.6 

26.0 

60.7 

129 

97.5 

124 

5 

9.4 

43.6 

8.0 

25.5 

72.0 

— 

— 

— 

12.9 

:i8.6 

5.4 

20.6 

67.3 

67.0 

44.0 

23.0 

14.7 

33.2 

4.0 

18.0 

66.0 

— 

— 

— 

15.5 

29.6 

5.3 

20.6 

69.3 

19.0 

13.3 

56.0 

14.9 

26.0 

9.5 

30.0 

85.0 

7.0 

6.0 

79.0 

12.7 

20.5 

25.0 

64.0 

147 

0.76 

1 

146 

10.4 

14.3 

34.3 

86.0 

198 

— 

— 

198 

10.3 

0.0 

44.5 

111 

250 

0 

0 

250 

10.2 

TABLE  8 
SnCl4-C,H^OOC4H9 


SnCl4  Boiling  point  (upper  figures) 


content  J  Vapor  pressure  (mm  Hg)  (lower  figures) 

Un  mole  _ — 


100.0  j 

9.6° 

10.2 

19.2° 

18.1 

29.5° 

30.6 

39.8° 

50.5 

50.9° 

81.0 

60.0° 

122 

70.0° 

180 

80.0° 

259 

90.1° 

362 

97.0° 

,458 

78.1  j 

25.2° 

21.0 

32.7° 

31.0 

39.6° 

42.5 

49.2° 

64.5 

57.0° 

89.5 

66.0° 

128 

75.4° 

185 

83.4° 

243 

90.0° 

304 

66.0  { 

32.0° 

22.0 

36.9° 

28.0 

44.2° 

38.0 

49.5° 

48.0 

57.2° 

66.0 

63.9° 

86.0 

69.8° 

109 

75.4° 

132 

81.3° 

166 

87.8° 

208 

93.8° 

2.55 

55.6  j 

34.4° 

14.5 

40.4° 

19.5 

47.8° 

27.0 

55.8° 

38.0 

64.7° 

54.0 

74.2° 

78.0 

81.2° 

100 

88.3° 

132 

95.2° 

167 

47.3  j 

57.0° 

17.0 

.59.5° 

19.0 

60.7° 

20.0 

64.2° 

24.0 

67.3° 

28.5 

70.0° 

32.0 

76.1° 

42.0 

80.8° 

52.5 

87.1° 

68.5 

95.5° 

103 

41.3  j 

58.9° 

9.0 

63.4° 

12.0 

66.6° 

15.0 

70.0° 

18.5 

74.1° 

24.0 

80.1° 

35.0 

85.0° 

45.5 

90.3° 

60.5 

93.9° 

78.5 

37.4  j 

55.3° 

6.5 

61.4° 

10.0 

68.6° 

16.0 

70.4° 

18.0 

73.9° 

22.0 

79.1° 

32.0 

84.6° 

43.0 

90.5° 

60.0 

95.2° 

80.0 

3.3.1  { 

47.3° 

5.5 

52.7° 

7.5 

.59.0° 

11.5 

61.8° 

13.5 

68.1° 

19.5 

70.0° 

22.0 

73.8° 

27.0 

77.4° 

33.5 

83.3° 

45.5 

89.4° 

63.0 

95.6° 

86.0 

28.2  j 

58.8° 

1.5.5 

63.5° 

20.5 

68.2° 

26.0 

70.2° 

29.0 

74.6° 

.37.0 

79.6° 

48.0 

85.0° 

62.0 

95.0° 

96.0 

18.7  j 

49.5° 

1.5.5 

55.5° 

20.5 

60.7° 

27.5 

65.3° 

33.5 

69.9° 

40.5 

77.3° 

56.0 

84.0° 

76.0 

90.6° 

100 

95.2° 

120 

0.0  j 

32.4° 

6.5 

36.3° 

8.5 

43.9° 

13.0 

.50.5° 

19.0 

57.5° 

28.0 

(i4.3° 

39.0 

70.1° 

.52.0 

76.8° 

70.0 

81.3° 

88.0 

86.7° 

112 

92.9° 

148 

1750 


TABLE  11 
SnCl^CHjCOOCjHi 


SnCl4 
content  of 
mixture 
(in  mole  % 

1 

Vapor  pressure 

SnCl4  I 

“rtiite.iit  of  1 
condensate 

[in  mole  ‘^)  | 

Partial  vapor  pressure 

Heat  of 
evaporation 
(In  kcal/mole) 

50° 

70“ 

1  «0“ 

SdCI, 

CH,COOC,H, 

1(X).() 

78.0 

178 

363 

100.0 

178 

8.9 

83.0 

72.3 

164 

340 

— 

— 

— 

9.1 

74.0 

65.0 

151 

315 

— 

— 

— 

9.2 

66.0 

.56.5 

131 

273 

99.9 

131 

0 

9.3 

61.0 

47.3 

114 

245 

92.5 

113 

1.0 

9.7 

54.0 

36.0 

89.5 

203 

90.5 

81.0 

8.5 

10.1 

49.3 

26.5 

72.0 

173 

72.0 

52.0 

20.0 

10.9 

46.0 

22.5 

60.0 

160 

71.0 

43.5 

16.5 

11.5 

37.0 

16.5 

55.0 

161 

,32.5 

19.0 

36.0 

14.3 

,34.0 

15.2 

58.6 

195 

— 

— 

— 

14.8 

31.6 

39.4 

118 

309 

4.5 

5.5 

112 

12.0 

30.0 

69.7 

181 

415 

1.1 

2.0 

179 

10.5 

26.6 

120 

273 

565 

— 

— 

— 

8.5 

16.6 

215 

457 

891 

— 

— 

— 

8.4 

0.0 

273 

581 

0 

0 

581 

8.4 

TABLE  12 
SiiCl4-HCOCX;4H, 


SnCl4 

content 

(in  mole 

Bolling  point  (upper  figures) 

Vapor  pressure  (mm  Hg)  (lower  figures) 

100.0 

{ 

9.6® 

10.2 

19.2® 

18.1 

29.5® 

30.6 

39.8® 

50.6 

50.9® 

81.0 

60.0® 

122 

70.0® 

180 

80.1® 

259 

90.0® 

362 

97.0® 

458 

86.2 

( 

19.7° 

17.6 

27.7® 

26.6 

36.2® 

41.1 

45.5® 

63.0 

54.6® 

91.0 

61.4® 

123 

68.5® 

163 

76.1® 

214 

85.4® 

298 

93.2® 

378- 

71.0 

1 

23.6® 

20.5 

33.5® 

32.5 

43.2® 

49.8 

51.6® 

72.0 

60.6® 

104 

68.7® 

144 

74.5® 

174 

80.8® 

217 

87.3® 

275 

94.2® 

351 

64.3 

1 

18.0® 

14.3 

28..5® 

24.3 

37.0® 

,36.3 

45.4® 

51.8 

54.7® 

75.8 

62.3® 

102 

69.4® 

132 

75.8® 

164 

83.2® 

214 

89.3® 

268 

56.0 

1 

26.8® 

19.3 

35.9® 

29.3 

42.1® 

39.3 

52.7° 

.59.0 

.59.6® 

79.0 

65.8® 

99.0 

73.9° 

133 

82.9® 

181 

88.2® 

220 

94.3® 

272 

49.5 

1 

31.4® 

19.5 

39.6® 

29.5 

49.4® 

43.5 

.57.6® 

59.0 

64.5® 

77.0 

73.8® 

107 

79.1® 

134 

85.3® 

169 

98.2® 

258 

45.0 

{ 

0 

oc 

55.3® 

39.0 

65.7° 

.59.2 

73.3° 

84.0 

81.9® 

118 

88.0° 

155 

94.4® 

215 

38.5 

{ 

56.8® 

23.2 

63.0° 

35.0 

69.0® 

48.2 

75.2® 

67.0 

80.2® 

87.0 

83.4® 

105 

87.1® 

1.31 

93.4® 

177 

28.5 

f 

\ 

48.5® 

32.7 

54.3® 

43.5 

60.0® 

57.6 

64.2° 

70.5 

72.0® 

102 

78.0® 

130 

84.5® 

173 

93.0° 

246 

25.5 

! 

41.0® 

28.3 

46.5® 

38.0 

,53.8® 

54.3 

66.2° 

91.0 

74.7® 

1.34 

80.0° 

170 

86.0® 

216 

94.0® 

296 

18.0 

1 

35.2® 

34.0 

42.0° 

47.5 

49.2® 

67.5 

.58.0° 

99.0 

66.5® 

132 

74.2° 

2(K) 

81.0® 

2.54 

88.5® 

333 

94.6® 

421 

13.0 

{ 

26.4® 

24.7 

.34..3® 

37.0 

46.0® 

65.0 

.55.5°. 

101 

65.6® 

155 

74.0® 

215 

82.3® 

.301 

95.5® 

432 

0.0 

1 

1 

22.2° 

Z5.5 

26.0® 

,32.2 

36.0® 

52.0 

45.2° 

76.0 

.52.2° 

108 

62.0® 

161 

69.0® 

214 

73.8® 

294 

87.6® 

422 

94.6® 

524 

1752 


TABLE  13 


SnCl4-HCOOC4H9 


SnCl4  con¬ 
tent  (in 
mole  %) 

Vapor  pressure 

Heat  of 

evaporation 

(inkcal/mol 

50» 

70° 

90° 

1(K».0 

78.0 

178 

363 

8.9 

86.2 

75.5 

169 

344 

8.9 

71.0 

68.5 

152 

307 

8.8 

64.0 

62.0 

136 

272 

8.8 

56.3 

.^>4.0 

118 

235 

8.8 

40.5 

44.0 

96.8 

UK) 

8.8 

45.0 

30.0 

73.5 

162 

9.8 

38.5 

15.0 

50.5 

1.50 

15.0 

28.5 

35.0 

92.5 

218 

10.6 

25.5 

45.0 

113 

254 

10.0 

18.0 

70.0 

165 

350 

9.4 

13.0 

78.5 

185 

394 

9.3 

0.0 

98.0 

219 

448 

8.8 

SUMMARY 


1.  In  the  systems  formed  by  HCOOC^^,  CHsCOOCsHs,  CjH^CXXixHs,  CHsCOCX^Hg.  C2H^C)CX34H9  and 
iso-CHsCOOCsHxi  with  stannic  chloride,  the  partial  vapor  pressure  of  the  stannic  chloride  shows  an  alternating, 
and  the  vapor  pressure  of  the  esters  a  negative,  deviation  from  the  additive  line. 

2.  An  interpretation  is  given  for  the  course  of  the  partial  vapor  pressure  curves,  and  it  is  shown  that  the 
vapor  pressure  reflects  the  formation  of  compounds  containing  more  than  2  molecules  of  ester  per  molecule  of 
stannic  chloride. 
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In  a  previous  work  [1]  it  was  reported  that  in  the  systems  formed  by  stannic  chloride  with  esters,  the  partial 
vapor  pressure  of  stannic  chloride  shows  alternating,  and  that  of  the  esters  negative,  deviations  from  the  additive 
lines  due  to  the  formation  of  the  compounds  SnCl^**  2RCOOR'  and  SnCl4*3RCOOR*  in  these  systems. 

In  the  present  communication,  we  present  the  results  of  studying  the  vapor  pressure  of  the  80014— 
-CClsCOOCgHg  and  SnCl4— CgHgOCHs  systems.  In  contrast  to  those  studied  previously  [1],  these  systems  are 
characterized  by  the  absence  of  electroconductivity,  since,  in  them,  the  complex  formation  reaction  stops  at  the 
stage  of  formation  of  compounds  with  a  1:2  composition  [2.3].  Naturally,  it  was  expected  that  this  difference 
would  be  reflected  on  the  vapor  pressure  diagrams  also. 


TABLE  1 
SnCl4-C,H80CHs 


SnCl4 
content 
(in  mole  °h) 

Boiling  point  (upper  figures) 

Vapor  pressure  (mm  Hg)  (lower  figures) 

100.0  { 

9.6® 

10.2 

19.2® 

18.1 

29.5® 

30.6 

39.8® 

50.5 

50.9® 

81.0 

60.0® 

12^ 

70.0® 

180 

80.0® 

259 

90.1® 

362 

97.0° 

458 

87.0  1 

23.9® 

21.5 

30.4® 

30.5 

37.9® 

44.3 

48.6® 

70.0 

56.0® 

100 

65.1® 

144 

74.2® 

199 

83.4® 

283 

87.5° 

331 

94.3° 

409 

71.0  1 

24.9® 

20.8 

33.7® 

32.8 

41.5® 

47.0 

48.9® 

65.5 

56.5® 

91.5 

62.4® 

117 

68.6® 

149 

73.9® 

181 

79.3® 

224 

88.6° 

309 

95.9° 

393 

€0.0  j 

28.3® 

23.0 

40.1® 

41.0 

49.5® 

62.3 

57.6® 

88.3 

66.5® 

127 

74.2®^ 

168 

80.5® 

212 

87.0® 

267 

96.5® 

370 

50.0  { 

21.8® 

14.7 

32.1® 

24.8 

41.1® 

38.0 

51.7® 

62.5 

61.3® 

94.0 

70.3® 

i:i4 

77.8® 

177 

83.1® 

213 

95.0® 

320 

40.5  1 

31.1® 

21.2 

38.0® 

30.5 

50.0® 

52.5 

60.7® 

82.0 

70.5® 

122 

78.5® 

166 

84.9® 

206 

94.9® 

289 

28.5  j 

29.1® 

11.5 

38.6® 

25.5 

46.9® 

37.0 

55.2® 

54.5 

66.3® 

86.5 

76.4® 

129 

83.0® 

164 

88.3® 

198 

95.4® 

252 

17.0  j 

41.1® 

21.5 

45.9® 

27.5 

52.1® 

37.5 

57.5® 

47.5 

65.6® 

67.0 

74.7® 

96.5 

79.1® 

114 

87.1® 

154 

95.7® 

209 

0.0  { 

37.5® 

8.0 

50.0® 

15.0 

54.7® 

19.0 

60.5® 

26.0 

66.1® 

34.0 

70.2® 

41.5 

78.2® 

.57.5 

85.1® 

78.0 

89.3® 

92.0 

96.4° 

121 

p  \  p  X 


Fig.  1.  Vapor  pressure  and  heat  of  evaporation  of  Fig.  2.  Vapor  pressure  and  heat  of  evaporation  of 

the  SnCl4-C5HjOCHs  system;  1)  heat  of  evapora-  the  SnCl4— CCI3COOCSH5  system;  l)  heat  of  evapo- 

doni  2)  total  vapor  pressures  3)  partial  pressure  ration;  2)  total  vapor  pressures  3)  partial  pressure 

of  CgHssOCHss  4)  partial  pressure  of  SnCl4.  of  CClsCOOCiHgs  4)  partial  pressure  of  SnCl4. 

TABLE  2 


SnCl4-C,H50CHj 
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TABLE  3 


SnCl4-  CCljCOOCjH, 


SnCL  con¬ 
tent 

mole 

Boiling  point  (upper  figures)  Vapor  pressure  ( 

mm  Hg)  (lower  figures) 

100.0  j 

9.6® 

10.2 

19.2° 

18.1 

29.50 

30.6 

39.8° 

50.5 

50.90 

81.0 

60.0° 

122 

70.0° 

180 

80.0° 

259 

90.1° 

362 

97.0° 

458 

86.0  j 

22.50 

19.8 

30.70 

29.5 

41.30 

50.0 

50.2° 

7,5.5 

56.7° 

99.5 

64.1° 

134 

70.0° 

167 

77.8° 

225 

84.9° 

287 

9.5.1° 

402 

71.0  j 

23.2° 

17.0 

31.50 

26.0 

40.70 

42.0 

52.30 

70.0 

61.0° 

102 

70.0° 

145 

75.6° 

179 

82.8° 

234 

88.2° 

329 

94.2° 

354 

63.0  j 

23.50 

15.5 

30.6° 

23.0 

38.70 

34.5 

50.4° 

58.5 

59.1° 

86.5 

66.0° 

113 

70.0° 

133 

75.90 

166 

81.6° 

203 

89.6° 

270 

96.3‘> 

337 

43.0  j 

28.00 

14.4 

36.10 

22.0 

46.00 

35.6 

56.1° 

55.0 

64.9° 

79.0 

70.0° 

96.7 

77.1° 

128 

84.5° 

168 

95.30 

254 

31.5  { 

27.70 

11.3 

36.1° 

16.8 

44.10 

25.0 

51.3° 

35.0 

58.6° 

47.5 

64.4° 

61.5 

70.0° 

78.0 

72.9° 

88.0 

79.7° 

114 

85.2° 

139 

94.3^^ 

194 

11.5  { 

31.40 

7.3 

41.60 

12.3 

49.00 

17.8 

55.3° 

24.0 

61. 50 

31.6 

68..5° 

42.8 

75.6° 

58.8 

84.5° 

84.0 

O.O  j 

44.2° 

6.6 

57.30 

13.2 

65.50 

18.7 

72.4° 

26.7 

77.8° 

34.7 

84.3° 

46.5 

88.6° 

55.8 

95.2° 

73.7 

TABLE  4 
SnCl^-CCljCCXXiHj 


SnCl4  con¬ 
tent  of 
mixture  (In 
mole  %) 

Vapor  pressure 

SnClt  *^06- 
tent  of 
mixture(lr 
mole  %) 

Partial  vapor  pressure 

Heat  of 
evapora¬ 
tion  fin 
kcal/mole 

50° 

70° 

90° 

SnCl, 

CCljCOOC,H, 

iOO.O 

78.0 

178 

363 

100.0 

178 

0 

8.9 

86.1 

74.5 

16.5.5 

340 

99.5 

164.5 

1.0 

8.9 

71.0 

63.0 

145 

303 

99.0 

143.5 

1.5 

9.0 

63.0 

58.0 

132 

275 

95.5 

126.0 

6.0 

9.0 

52.0 

49.0 

113.5 

238 

94.8 

107.5 

6.0 

9.2 

43.0 

42.0 

97.0 

205 

89.8 

87.5 

10.0 

9.2 

31.5 

33.0 

77.5 

166 

86.7 

67.5 

11.0 

9.4 

11.6 

18.5 

45.5 

102 

62.7 

28.5 

17.0 

9.9 

0.0 

9.0 

24.5 

59.0 

0 

0 

24.5 

10.9 

EXPERIMENTAL 

The  ethyl  tilchloroacetate  we  synthesized  was  fractionally  distilled.  A  fraction  with  b.p.  160.8*  at  694  mm 
was  collected  and  sealed  in  ampules;  n^  1.4508.  *Pure  grade*  anlsole  was  distilled  twice,  and  a  fraction  with 
b.p.  151,2*  at  698  mm  collected;  n*®  1.5170. 

The  working  procedure  was  described  in  the  previous  article  [1].  The  results  of  measuring  the  vapor  pres¬ 
sure  of  the  stannic  chloride— anlsole  system  are  presented  in  Tables  1  and  2;  the  results  for  the  stannic  chloride- 
ethyl  trichloro acetate  system  are  in  Tables  3  and  4.  Fig.  1  shows  the  isotherms  of  the  total  vapor  pressure  of  the 
SnCl^— CjHsOCHs  system,  and  of  the  partial  vapor  pressures  of  the  components  at  70*  and  the  curve  for  the  de¬ 
pendence  of  the  heat  of  evaporation  on  the  vapor  composition.  Similar  data  for  the  SnCl^— CCI3COOC2H5  system 
are  presented  in  Fig.  2.  Figs.  1  and  2  show  complete  analogy  in  the  behavior  of  the  two  systems.  At  all  con¬ 
centrations,  the  partial  vapor  pressure  of  stannic  chloride  is  above  the  additive  value.  The  partial  vapor. pressures 
of  CeHsOCHs  and  CClsCCXDCjHg  are  expressed  by  curves,  which  deviate  negatively  from  the  additive  line  along 
the  whole  of  their  course;  close  to  100*^  of  stannic  chloride,  they  merge  into  the  abscissa.  The  total  vapor  pres¬ 
sure  of  the  two  systems  and  their  heats  of  evaporation  are  characterized  by  positive  deviations  from  the  additive 
values. 
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A  comparison  of  the  data  obtained  with  the  resulu  of  investigating  six  systems  formed  by  stannic  chloride 
with  various  esters  and  possessing  electroconductivity,  shows  essential  differences  between  the  flnt  and  the  second. 

It  is  quite  evident  that  in  the  two  systems  investigated  in  the  present  work,  the  interaction  between  the  compo¬ 
nents  is  less  than  in  the  systems  Investigated  previously  [1]. 

The  results  obtained  agree  with  the  conclusions  [2,3]  that  the  compounds  SnCl4*2C^IgOCHs  and  SnCl4* 

*  SCClsCCXX^sHf  are  formed  in  the  systems  studied.  This  composition  for  the  compounds  formed  requires  [4] 
negative  deviations  for  the  partial  vapor  pressure  of  CiHgCX^Hs  and  CCl^COCX^Hi,  and  alternating  ones  fcxr  SnCl4. 

The  positive  deviations  of  the  partial  vapor  pressure  of  stannic  chloride  at  all  concentrations  is  apparently  di*** 
to  the  appreciable  volatility  of  the  compounds  formed. 

SUMMARY 

1.  A  study  was  made  of  the  vapor  pressure  (total  and  partial)  of  the  SnCl4'-C4HgOCH3  and  SnCl4— 
~<ICl|COOC|Hg  systems. 

2.  The  heats  of  evaporation  of  the  systems  investigated  were  calculated. 

3.  The  results  obtained  confirm  the  existence  of  the  compounds  SnCl4*2C4HgOCHt  and  SnCl4*2CClsCOOCfHg, 
which  apparently  have  an  appreciable  vapor  pressure. 
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Phthalocyanlnes  are  some  of  the  few  synthetic  dyes  whose  structures  are  similar  to  natural  pigments  of  the 
porphyrin  class.  In  connection  with  this,  many  attempts  have  been  made  to  use  them  as  models  of  these  pig¬ 
ments  [1]  for  a  more  complete  study  of  the  behavior  of  compounds  of  this  type  under  conditions  when  they  are 
not  bound  to  protein.  There  Is  particular  Interest  In  the  study  of  Iron  phthalocyanlnes,  which  are  close  analogs 
of  hemins,  whose  role  In  biological  oxldatlon~ reduction  processes  Is  well  known.  Sulfonated  derivatives  of  these 
dyes,  which  are  readily  soluble  In  water,  show  a  series  of  Interesting  peculiarities,  stemming  from  their  capacity 
for  reversible  and  irreversible  conversions,  both  under  dark  conditions  and,  especially,  under  the  action  of  light. 
Since  solutions  of  sulfonated  derivatives  of  iron  phthalocyanine  are  intensely  colored ,  the  spectrophotometric 
method  is  most  convenient  for  studying  them. 

In  the  present  article,  we  describe  the  results  of  a  spectrophotometric  investigation  of  the  properties  of 
aqueous  solutions  of  these  compounds  and  their  conversion  reactions,  which  were  observed  in  these  solutions. 

EXPERIMENTAL 

Preparation  ofFerric  Sulfophthalocy anine 

Iron  sulfophthalocyanlnes  are  the  products  of  sulfonating  phthalocyanine,  in  which  the  two  central  hydrogen 
atoms  are  replaced  by  ferric  iron.  The  third  valence  of  the  iron  is  saturated  with  some  monovalent  anion.  Iron 
(III)  sulfophthalocyanine  for  the  experiments  was  obtained  by  sulfonation  of  iron  (III)  phthalocyanine  chloride  by 
a  modification  of  the  method  Linstead  and  Weiss  developed  for  the  synthesis  of  tetrasulfophthalocy anine  [2]. 

5  g  of  unsulfonated  iron  (III)  phthalocyanine  chloride*  was  dissolved  in  small  portions  in  150  ml  of  fuming 
sulfuric  acid  (containing  28*^1)  excess  SOs).  The  mixture  was  heated  at  78-80*  for  1.5-2  hours.  The  sulfonation 
was  considered  complete  when  a  drop  of  the  sulfonation  liquid,  placed  in  water,  dissolved  without  a  precipitate. 

At  the  end  of  the  sulfonation,  the  cold  solution  was  carefully  poured  into  a  mixture  of  ice  (~0.75  kg)  and  a  satu¬ 
rated  sodium  chloride  solution  (~1.75  liters).  The  precipitate  was  collected  by  filtration,  washed  with  NaCl  solu¬ 
tion,  and  then  washed  free  from  the  latter,first  with  75*^  and  then  with  QO'Jfc  alcohol  until  the  disappearance  of 
Cl"  ions.  For  some  special  experiments,  the  washing  with  alcohol  was  replaced  by  two  repreclpltatlons  of  the 
product  from  aqueous  solution  with  sodium  chloride.  The  product  was  dried  first  In  air  at  105*,  and  then  In  vacuum 
at  60-65*. 

Under  the  sulfonation  conditions  described,  the  Iron  was  not  removed  from  the  complex.  The  residue  after 
combustion  of  the  product  contained  Fe203.  In  addition,  aqueous  solutions  of  the  preparation  did  not  give  a 


•  Unsulfonated  Iron  (III)  phthalocyanine  chloride  was  synthesized  according  to  the  description  presented  in  [3]. 
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Fig.  1.  Absorption  curves  of  aqueous  solutions  of  iron  (III)  sulfophthalocyanine 
at  various  pH  values ;  pH  values:  l)  10;  2)8,2;  3)6,0;  4)  3,8;  5)2.0. 

reaction  for  ferric  ions  with  potassium  thiocyanate.  This 
Indicates  that  even  after  sulfonadon  the  iron  remains  in 
the  nucleus  of  the  molecule.  According  to  the  Iron  con¬ 
tent  (5,04%),  the  product  obtained  was  closest  of  all  to  the 
tetrasulfo  derivative  of  iron  phthalocyanine,  l.e.,  was  the 
sodium  salt  of  ferric  tetrasulfophthalocyanlne.  For  brevity, 
this  product  will  be  referred  to,  subsequently,  as  Iron  (in) 
sulfophthalocyanine,  or  Fe^SPC.and  its  ion*  as  [Fe^SPC]^, 

Iron  (in)  sulfophthalocyanine  was  readily  soluble  in 
water  and  Insoluble  in  anhydrous  alcohol,  ether,  acetone, 
benzene,  dioxane,  etc.  Its  aqueous  solutions  had  a  blue 
color. 

Equilibrium  in  Iron  (III)  Sulfoph ^ a lo- 
cyanine  Solutions 

Spectrophotometric  investigation  showed  that  aqueous 
solutions  of  fenic  sulfophthalocyanine  contained  at  least 
two  absorbers,  whose  contents  varied,  depending  on  the  pH 
of  the  medium.  This  is  indicated  by  the  changes  in  the  absorption  spectra  observed  in  the  experiment. 

The  absorption  curves  were  plotted  by  means  of  an  SF-4  spectrophotometer.  The  solutions  were  prepared 
in  phosphate  and  borate  buffers  with  pH  values  from  2  to  10,  In  all  the  experiments,  the  concentration  of  iron  (HI) 
sulfophthalocyanine  was  0,16  g/ liter.  Measurements  were  made  in  the  wavelength  region  from  325  to  800  mfi. 

As  the  data  in  Fig,  1  show ,  the  absorption  curves  of  solutions  with  high  pH  values  are  characterized  by  two 
Intense  bands  in  the  red  and  near- ultraviolet  regions  of  the  spectrum.  One  has  a  sharp  maximum  at  665  mfi  and 
the  other  a  somewhat  broader  maximum  in  the  region  of  330-338  mp.  As  the  pH  of  the  medium  falls,  the  in¬ 
tensity  of  the  red  band  decreases  and  the  band  itself  broadens  slightly.  At  pH  values  less  than  6,  the  maximum 
at  665  mp  disappears  and  is  replaced  by  two  new,  quite  close  bands  with  absorption  maxima  in  the  regions  of 


Fig.  2.  Rate  of  iron  (III)  sulfophthalocyanine 
(Fe^SPC)  decomposition:  l)  In  water;  2)  in 
0.001  N  NaOH;  3)  in  0.1  N  NaOH;  4)  in  1  N 
NaOH. 


•  The  designation  [Fe^SPCJ*"  is  taken  for  the  ion  since  the  charge  from  the  central  atom  of  Iron  equals  +1, 
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Fig.  3.  Absorption  curves  of  alkaline  solutions  of  Iron  (ni)  sulfophthalo- 
cyanine:  1)  original  solution;  2)  after  prolonged  storage  in  the  absence 
of  air;  3)  after  the  admission  of  air. 


655  and  675  mp  and  a  very  weak,  broad  band  appears  in  the  section  450-550  mp,  A  further  reduction  in  the  pH 
leads  to  a  slight  increase  in  the  Intensity  of  this  band.  Simultaneously,  the  intensity  of  the  red  absorption  bands 
decreases. 

The  picture  observed  indicates  that  solutions  of  iron  (III)  sulfophthalocyanlne  are  systems  in  a  state  of  hy¬ 
drolytic  equilibrium: 


[Fe™SPCf  +  HjO  ^[Fe^^SPC]  OH  +  H+.  (1) 

The  red  band  with  a  maximum  at  665  mp  ,  which  appears  most  sharply  with  the  medium  pH  at  high  values, 
according  to  all  the  data,  belongs  to  iron  sulfophthalocyanlne  hydroxide  [Fe^SPC]OH.  Changes  in  the  spectrum 
produced  by  an  increase  in  the  acidity  of  the  solution,  are  the  result  of  an  increase  in  the  concentration  of  the 
second  absorber,  the  hydrated  ion  [Fe^^SPC]'*’,  which  is  connected  with  displacement  of  process  (1)  to  the  left. 

It  is  impossible  to  state  more  accurately  which  band  belongs  to  the  hydrated  ion  since, at  pH  <  2, side  processes 
of  iron  sulfophthalocyanlne  destruction  proceed  quite  readily  and  are  accompanied  by  precipitate  formation. 

The  rate  of  the  destructive  process  grows  with  an  Increase  in  the  acidity  of  the  medium. 

Stability  of  Solutions 

Iron  (III)  sulfophthalocyanlne  solutions  were  not  only  unstable  in  an  acid  medium.  When  stored  in  air, 
neutral  aqueous  solutions  slowly  lost  the  intensity  of  their  color.  The  rate  of  the  decolorization  process  increased 
with  an  increase  in  the  alkalinity  of  the  solution.  However,  this  process  was  not  accompanied  by  the  formation 
of  a  precipitate,  as  occurred  in  acid  solutions.  The  effect  of  alkali  concentration  on  the  stability  of  Fe^SPC 
solutions  is  clearly  shown  by  Fig,  2, 

The  changes  in  alkaline  solutions  described  only  occur  in  air.  In  the  absence  of  air,  changes  also  occur 
in  the  spectrum  of  the  solution,  though  these  do  not  involve  its  decolorization.  Thus,  if  the  dissolved  gases  are 
first  carefully  removed  from  an  alkaline  solution  (0.2  N  NaOH),  and  the  latter  is  allowed  to  stand  in  a  sealed 
cell  under  dark  conditions  at  room  temperature,  then,  after  several  days  the  color  of  the  solution  changes  from 
blue  to  blue-green.  The  change  in  the  absorption  curve  corresponds  to  this.  The  intensity  of  the  red  band  falls 
slightly, and  simultaneously  a  low-intensity  broad  band,  without  a  sharp  maximum,  appears  in  the  region  of  400 
to  500  m|i .  It  is  important  to  note  that  these  changes  are  reversible  in  air.  Contact  with  air  leads  to  regenera¬ 
tion  of  the  original  product;  after  a  few  minutes,  the  solution  acquires  its  original  blue  color  and  the  absorption 
curve  corresponds  to  that  of  the  starting  material  in  character.  Only  a  fall  in  the  absorption  Intensity  of  the  solu¬ 
tion  over  the  whole  region  of  the  spectrum  is  observed  indicating  the  simultaneous  occurrence  of  destruction  of  the 
product  (Fig,  3). 
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Fig.  4.  Absorption  curves  of  iron  (ni)  sulfophthalocyanine  in  the  presence  of 
reducing  agents:  l)  original  solution;  2)  after  the  addition  of  ascorbic  acid 
in  the  absence  of  air;  3)  after  the  admission  of  air. 

The  nature  of  the  spectral  changes,  which  occur  in  degassed  aqueous  solutions,  become  more  clear  when 
we  consider  the  effects  which  are  observed  during  the  action  of  reducing  agents  on  solutions  of  iron  ( III)  sulfo¬ 
phthalocyanine. 

Action  of  Reducing  Agents 

Aqueous  solutions  of  iron  (III)  sulfophthalocyanine  react  readily  with  various,  and  even  extremely  weak  re¬ 
ducing  agents.  However,  the  character  of  the  action  of  the  latter  depends  on  whether  the  experiments  are  per¬ 
formed  in  air  or  under  vacuum  conditions. 

For  experiments  under  vacuum  conditions,  a  vessel  was  used,  which  made  it  possible  to  carry  out  all  the 
necessary  operations  (plotting  absorption  spectra  of  the  solutions,  adding  definite  amounts  of  reducing  agent  after 
the  plot.  Irradiation,  heating,  etc.)  without  breaking  the  vacuum.  Degassing  was  carried  out  by  many  repetitions 
of  the  following  operations:  the  solution  was  frozen,  the  gas  above  the  solution  pumped  out  on  a  high  vacuum 
apparatus,  and  the  solution  then  thawed.  A  more  detailed  description  of  the  procedure  is  given  in  [4]. 

As  the  results  of  the  experiments  showed,  the  introduction  of  reducing  agents  into  an  aqueous  solution  of 
Fe^SPC  under  vacuum  conditions  produced  the  same  qualitative  changes  as  were  observed  on  prolonged  storage 
of  degassed  alkaline  solutions.  In  the  presence  of  reducing  agents,  however,  these  changes  proceeded  much  more 
rapidly  and  were  expressed  more  clearly.  Thus,  for  example,  the  addition  of  ascorbic  acid  immediately  produced 
a  change  in  the  color  of  a  solution  from  blue  to  green.  As  in  alkaline  solutions  not  containing  reducing  agents, 
this  corresponds  to  the  appearance  of  a  new  band  in  the  short-wave  part  of  the  spectrum,  but  with  a  narrower  and 
more  clearly  expressed  maximum,  whose  position  at  430  mfi  may  be  determined  quite  accurately  in  this  case. 

A  certain  increase  in  the  red  band  observed  Indicates  that  the  product  formed  by  the  reduction  of  iron  sulfophtha¬ 
locyanine  has  a  stronger  absorption  in  this  part  of  the  spectrum  in  neutral  and  weakly  acid  media.  Contact  with 
air  leads  to  complete  regeneration  of  the  original  absorption  curve,  both  in  position  and  in  intensity  (Fig.  4).  Re¬ 
ducing  agents  differing  in  strength  (ascorbic  acid,  glucose,  thiourea,  Na2S,  NajS^Os,  divalent  tin  ions  and  hydro¬ 
gen-saturated  palladium)  produce  the  same  qualitative  effect.  Similar  effects  were  obtained  when  the  experi¬ 
ments  were  performed  in  aqueous  methanol  solutions,  where  the  methyl  alcohol  acted  as  the  reducing  agent.  The 
difference  In  the  nature  of  the  reducing  agents  only  affected  the  intensity  and  width  of  the  short-wave  band,  and 
also  the  rate  of  formation  of  the  reduced  product,  which  varied  from  a  few  minutes  (in  the  case  of  hydrosulfite 
and  ascorbic  acid)  to  several  days  (in  75%  methyl  alcohol). 
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Fig.  5.  Interaction  of  sulfophthalocyanine  with  FeS04  in  an  acid  medium: 
l)  absorption  of  sulfophthalocyanine  (~2  •  lO”^  m)  with  FeS04  added 
(~2  •  10~*  m);  2)  the  same  after  14  days;  3)  the  same  after  30  days;  4) 
the  same  after  40  days;  5)  absorption  of  reduced  form  of  iron  sulfophthalo¬ 
cyanine,  obtained  by  the  action  of  ascorbic  acid  on  Fe^^SPC  in  an  acid 
medium. 


The  effects  given  were  only  observed  if  the  reducing  agent  was  introduced  into  a  solution  that  had  first 
been  degassed  extremely  carefully.  In  the  presence  of  air,  decolorization  of  the  solution  occurred  in  the  same 
way  as  occurred  on  addition  of  alkali. 

The  analogy  between  the  behavior  of  solutions  under  the  action  of  reducing  agents  and  of  OH  ions,  and 
also  the  similarity  in  the  character  of  the  absorption  spectra  of  the  products  thus  formed,  indicate  that  in  the  two 
cases  the  same  product,  namely,  a  reduced  form  of  iron  sulfophthalocyanine,  is  formed. 

The  formation  of  the  reduced  form  of  iron  sulfophthalocyanine  proceeds  much  more  rapidly  under  the  ac¬ 
tion  of  visible  light.  Thus,  on  irradiation  of  neutral  aqueous  methanol  solutions,  the  reduction  is  complete  after 
4-5  hours  instead  of  2-3  days,  required  for  this  process  in  the  dark.  An  analogous,  though  slightly  weaker  effect 
of  the  action  of  light  is  observed  with  alkaline  solutions  not  containing  special  additives.  In  this  case ,  the  system 
contains  essentially  one  absorber,  iron  (ni)  sulfophthalocyanine  hydroxide,  whose  molecules  undergo  the  primary 
photo  act. 

The  Nature  of  the  Reduced  Form 

There  are.  apparently,  two  possible  directions  for  the  reduction  of  iron  sulfophthalocyanine.  One  of  these 
should  lead  to  a  change  in  valence  of  the  central  iron  atom  (Fe^^  -►Fe^),  and  the  other  affects  the  organic  part 
of  the  molecule's  skeleton.  In  order  to  determine  exactly  which  type  of  process  occurred  in  the  experiments 
described  above,  ferrous  sulfophthalocyanine  was  obtained  in  solution,  and  its  absorption  spectrum  was  compared 
with  the  absorption  curves  of  solutions  obtained  by  the  action  of  reducing  agents  on  iron  (III)  sulfophthalocyanine. 

No  method  for  preparing  ferrous  sulfophthalocyanine  is  described  in  the  literature.  In  the  present  work,  it 
was  obtained  by  the  direct  interaction  of  sulfophthalocyanine  with  ferrous  sulfate.*  To  prevent  oxidation  of 
ferrous  comf>ounds,  and  suppress  hydrolysis,  the  process  was  carried  out  in  the  absence  of  air  in  an  acid  medium. 
Under  these  conditions,  the  slow  formation  of  ferrous  sulfophthalocyanine  occurred  and  was  accompanied  by  an 
extensive  change  in  the  character  of  the  absorption  curve  of  the  solution  (Fig.  5).  At  room  temperature,  the 


•As  is  known,  compounds  of  the  porphyrin  type  containing  Fe(II)  [5]  and  other  compounds  related  to  iron  (II) 
sulfophthalocyanine  [6]  are  prepared  analogously. 
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Fig.  6.  Reduction  of  iron  (III)  sulfophthalocyanlne  in  an  alkaline  medium: 

1)  absorption  of  Fe^SPC  in  0.2  N  NaOH;  2)  the  same  after  the  addition 
of  excess  glucose. 

process  was  complete  after  25-30  days  (it  proceeded  in  1  hour  at  70*).  In  the  position  of  the  maxima  and  the 
ratio  of  their  intensities,  the  absorption  curve  of  the  final  product  coincided  with  the  spectrum  of  the  reduced 
form  of  iron  sulfophthalocyanlne,  which  was  obtained  by  the  action  of  ascorbic  acid  on  Fe^SPC  in  an  acid  me¬ 
dium.  The  data  presented  give  a  basis  for  concluding  that  the  reduction  of  iron  (in)  sulfophthalocyanlne  involves 
a  change  in  valence  of  the  central  iron  atom  in  the  nucleus  of  the  molecule. 

By  changing  the  reduction  conditions,  however,  it  was  possible  to  obtain  another  type  of  reduced  product. 

If  an  alkaline  solution  (0.2-0.3  N  NaOH)  of  iron  (III)  sulfophthalocyanlne  is  treated  with  excess  reducing  agent 
in  an  amount  which  exceeds  the  Fe^^SPC  content  of  the  solution  by  ^-5  orders,  then  a  red  product  is  formed  with 
one  broad  band  with  a  maximum  at  520  mfi  (Fig.  6).  The  stage  of  green  reduced  form  production  usually  pre¬ 
cedes  this.  In  air,  the  red  form  is  readily  oxidized  to  the  original  Fe^SPC.  Determining  the  nature  of  the  red 
product  requires  an  independent  study,  and  was  not  part  of  the  present  investigation.  We  cannot  exclude  the  jjossi- 
bility  that  during  its  formation,  simultaneously  with  a  change  in  the  valence  of  the  central  iron  atom,  there  is 
also  a  change  in  the  organic  part  of  the  molecule.  This  is  supported  by  the  similarity  of  the  absorption  spectra 
of  this  product  and  the  spectrum  of  the  red  reduced  forms  of  chlorophyll  and  its  close  analogs,  obtained  in  the 
work  of  Krasnovskil  et  al.  [7]. 

DISCUSSION  OF  RESULTS 

It  can  hardly  be  surmised  that  the  ready  conversion  of  iron  (ni)  sulfophthalocyanlne  into  the  reduced  form, 
observed  in  alkaline  solutions,  is  connected  with  the  dissociation  of  water.  In  analogy  with  the  iron  porphyrins, 
it  should  be  assumed  that  the  potential  of  the  Fe^SPC/Fe^SPC  system  is  low  [8].  It  is  most  natural  to  assume, 
therefore,  that  the  Instability  of  iron  sulfophthalocyanlne  solutions  is  connected  with  the  interaction  of  the  dye 
molecules  with  each  other  with  the  reduction  of  some  molecules  due  to  oxidation  and  destruction  of  others.  The 
fact  that  noticeable  formation  of  the  reduced  form  is  observed  only  in  solutions  with  high  pH  values.  Indicates 
that  in  these  processes  a  considerable  part  is  played  by  the  hydroxyl-containing  molecules  [Fe^SPC]OH,  which 
will  be  present  in  alkaline  solutions  in  considerable  amounts  due  to  the  equilibrium  in  process  (1).  It  must  be 
assumed  that  the  behavior  of  the  appropriate  solutions  described  above  is  the  result  of  the  lability  of  the 
[Fe^SPCjOH  molecules,  which  are  capable  of  spontaneous  decomposition  with  the  formation  of  the  OH  radical 
and  the  reduced  form  [Fe^^SPC]OH— Fe^SPC  +  OH. 

The  formation  of  free  hydroxyls  leads  to  destructive  processes  which  slowly  lower  the  concentration  of  dye 
in  the  solution. 

This  interpretation  is  supported  especially  by  the  fact  that  the  rate  of  conversion  of  the  oxidized  form  into 
the  reduced  one  is  Increased  by  the  action  of  light  quanta  on  the  corresponding  systems.  Actually,  such 


1763 


decomposition  under  the  action  of  light  is  characteristic  of  hydroxy  complexes  of  iron  porphyrins  and  other  com¬ 
pounds  of  the  hemin  type,  as  has  already  been  shown  in  a  series  of  works  [9].  A  conclusive  demonstration  of  the 
spontaneous  decomposition  of  hydroxyl  complexes  occurring  in  a  solution  of  iron  (in)  suifophthaiocyanine  is  pro¬ 
vided  by  experiments  which  make  it  possible  to  detect  the  presence  of  free  radicals  in  the  systems  by  the  poly¬ 
merization  of  methyl  methacrylate,  which  they  will  cause.  The  results  of  these  experiments,*  carried  out  by  a 
procedure  which  was  described  in  detail  previously  [10],  are  presented  below. 

If  alkaline  solutions  of  Fe^^SPC,  containing  methyl  methacrylate,  and  which  have  been  degassed  thoroughly 
in  high  vacuum,  are  Irradiated  and  then  left  to  stand  in  the  dark,  after  4-7  days  (depending  on  the  experimental 
■conditions),  a  precipitate  of  polymer  is  produced.  In  unirradiated  solutions,  the  precipitation  of  polymer  begins 
much  later.  Control  solutions,  which  did  not  contain  pigment,  and  which  were  first  Irradiated  (and  also  not  ir¬ 
radiated),  remained  clear  for  a  period  of  several  months. 

The  instability  of  hydroxide  complexes  postulated  here  is,  to  some  extent,  characteristic  of  all  compounds 
of  the  hemin  type  according  to  all  the  data.  As  has  already  been  noted  in  photochemical  investigations  of  anal¬ 
ogous  systems  [9],  it  is  the  result  of  the  rigidity  of  the  organic  skeleton  of  these  compounds,  which,  according  to 
the  theoretical  ideas  of  Libby  [11],  leads  to  a  considerable  reduction  in  the  activation  energy  for  intracomplex 
electron  transfer.  This  explains  the  comparative  ease  with  wlilch  electron  transfer  occurs  in  such  systems,  both 
in  the  light  (due  to  the  small  quanta  of  the  visible  region  of  the  spectrum),  and  in  the  dark. 

Under  normal  conditions,  the  amount  of  free  radicals  in  solutions  of  iron  (III)  suifophthaiocyanine  in  the 
stationary  state  must  be  extremely  small,  since,  according  to  Frank  and  Rabinowltsch  [12],  a  reverse  act  of  prim¬ 
ary  recombination,  characteristic  of  condensed  systems,  accompanies  the  decomposition  act:  Fe^^SPC  +  OH  -*■ 

-  Fe^^SPCOH. 

Since  the  free  hydroxyls  formed  will  react  with  dye  molecules  destroying  them,  the  original  product  re¬ 
generated  after  the  admission  of  air  will  have  a  concentration  lower  than  the  original  (Fig.  3). 

It  must  be  assumed  that  the  oxidation  of  reducing  agents  introduced  is  largely  accomplished  by  the  action 
of  free  hydroxyls  on  them,  also.  Therefore,  in  the  presence  of  reducing  agents  there  will  naturally  be  no  notice¬ 
able  destruction  of  the  dye  (Fig.  4). 

These  are  the  reasons  for  the  instability  of  iron  (III)  suifophthaiocyanine  solutions  from  which  the  air  has 
first  been  removed.  In  continuous  contact  with  air,  the  processes  of  reduced  product  formation,  and  its  reverse 
oxidation  to  Fe^SPC  proceed  continuously.  This  creates  conditions  under  which  there  is,  likewise,  continuous 
formation  of  free  hydroxyls  that  destroy  the  organic  material.  Therefore,  alkaline  solutions  stored  in  air  are 
readily  decolorized,  and  the  more  rapidly,  the  higher  the  hydroxyl  ion  concentration  in  the  solution.  Naturally, 
such  a  process  of  destruction  and  decolorization  proceeds  particularly  readily  in  light. 

SUMMARY 

By  a  spectrophoto metric  method,  it  was  shown  that  aqueous  solutions  of  iron  (III)  suifophthaiocyanine  are 
systems  in  a  state  of  hydrolytic  equilibrium.  Iron  (in)  suifophthaiocyanine  hydroxide,  formed  by  hydrolysis,  is 
unstable  and  slowly  decomposes  with  the  formation  of  iron  (II)  suifophthaiocyanine  and  free  hydroxyl,  Thlsproc- 
ess  is  accelerated  by  the  action  of  visible  light.  The  formation  of  free  radicals  during  the  storage  of  degassed 
solutions  of  iron  (in)  suifophthaiocyanine  was  confirmed  by  the  initiation  of  polymerization  chains.  Spontaneous 
decomposition  of  the  hydroxide  is  the  reason  for  the  instability  of  aqueous  solutions  of  ferric  suifophthaiocyanine 
and  their  slow  decolorization  in  the  presence  of  air. 
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The  literature  contains  comparatively  little  data  on  physicochemical  analysis  of  binary  salts  formed  by 
hydrazine  with  organic  acids  [1],  although  these  investigations  are  of  undoubted  practical  and  theoretical  interest. 

Hydrazine  is  characterized  by  a  nuclear  separation  of  d(NN)  =  1.47  A  and  considerable  polarity  with  a  di¬ 
pole  length  of  0.38  A.  It  is  readily  soluble  in  water.  In  addition,  hydrazine  is  characterized  by  a  high  dielectric 
permeability  (53  at  23°)  and,  therefore,  must  be  a  readily  ionizing  solvent  for  many  inorganic  and  also  organic 
substances.  On  solution  of  organic  acids  in  hydrazine,  there  must  be  an  increase  in  the  electrolytic  dissociation 
of  the  former.  Being  a  good  complex- former,  the  hydrogen  ion  must  facilitate  the  formation  of  compounds  be¬ 
tween  the  acids  and  hydrazine  in  the  same  way  as  occurs  in  the  solution  of  organic  acids  in  acetamide  [2,3], 
which  has  a  dielectric  permeability  of  59.1. 


TABLE  1 

Density  (d).  Surface  Tension  (o),  and  Viscosity  (ij)  of  the  Hydrazine— Acetic  Acid  System 


Composition 
(in  mole  %>) 

o 

(dyne/c 

m) 

T|  (centipoises) 

N,H, 

CHjCOOll 

75“ 

80° 

70° 

Bi 

B 

70° 

75° 

80° 

90.0 

10.0 

l.(i44 

1.040 

1.035 

56.7 

.56.2 

.55.9 

1.018 

0.934 

0.848 

80.0 

20.0 

1.082 

1.078 

1.074 

.55.6 

54.9 

54.4 

1.900 

1.652 

i.4.37 

70.0 

30.0 

1.109 

1.107 

1.104 

53.6 

53.1 

— 

2.523 

2.182 

1.801 

60.0 

40.0 

1.140 

1.138 

1.136 

51.3 

50.9 

50.6 

6.267 

5.(K)1 

3.876 

50.0 

50.0 

— 

— 

— 

— 

— 

— 

11.414 

8.642 

6.652 

.52.0 

48.0 

1.1.59 

1.1.53 

1.149 

45.9 

45.4 

4.5.1 

— 

— 

_ 

4<».0 

(iO.O 

1.142 

1.138 

1.1.32 

37.0 

36.8 

36.4 

— 

— 

_ 

38.2 

61.8 

— 

— 

— 

— 

— 

— 

8.009 

5.809 

4.431 

3(».0 

70.0 

1.125 

1.118 

1.111 

.33.4 

33.2 

33.0 

5..372 

4.2(H) 

3.081 

20.0 

80.0 

1.097 

1.091 

1.086 

29.3 

29.0 

28.7 

2.9.37 

— 

1.998 

10.0 

‘H)0 

100.0 

i.o<;3 

l.OW) 

1.053 

22.6 

22.2 

21.8 

1.389 

0..5.3.5 

1.220 

0.49.3 

1.052 

0.460 

This  article  is  devoted  to  a  description  of  the  results  we  obtained  in  a  physicochemical  investigation  of 
the  density,  viscosity,  surface  tension,  and  specific  electroconductivity  of  the  hydrazine— acetic  acid  system. 

EXPERIMENTAL 

Hydrazine  was  obtained  by  dehydration  of  its  monohydrate  in  a  stream  of  nitrogen  [4],  and  was  purified  by 
three  distillations.  The  acetic  acid  was  purified  by  freezing.  After  purification,  the  hydrazine  and  acetic  acid 
had  constants,  which  agreed  well  with  those  reported  in  the  literature.  The  solutions  were  prepared  by  weight, 
and  their  compositions  are  expressed  in  molar  percents.  Measurements  were  made  at  70,  75,  and  80*.  The  tempera¬ 
ture  in  the  thermostat  was  maintained  with  an  accuracy  of  ±  0.2* .The  viscosity  was  determined  by  means  of  an 
Ostwald  viscometer. 
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CHjCOOH 


Mole  70 


CHjCOOH 


Fig.  1,  Surface  tension  (o)  and  density  (d)  of  the 
hydrazine— acetic  acid  system. 


HjH, 

Fig.  2.  Specific  electroconductivity  U  )  and  vis 
coslty  (tj)  of  the  hydrazine— acetic  acid  system. 


TABLE  2 

Specific  Electroconductivity  Oc),  Reduced  Electroconductivity  and  Temperature 
Coefficients  of  Electroconductivity  (a)  and  of  Viscosity  (0)  of  the  Hydrazine— Acetic 
Acid  System 


Como,  (mole  %) 

K  (ohm~* 

TjX 

a 

N,n, 

CHaCOOH 

U _ 

70° 

75° 

80° 

70° 

75° 

80' 

from 
70-  75° 

from 

70  -  80° 

from 
70-  75° 

from 

70  -80’ 

!)().0 

to.o 

0.140 

0.150 

0.159 

0.1425 

0.140 

0.1,348 

1..379 

1.271 

1.721.3 

1.8210 

SO.O 

20.0 

0.108 

0.115 

0.129 

0.2052 

0.1899 

0.18.54 

1.2.33 

1.772 

2.279.3 

2.775 

7(».0 

30.0 

0.085 

0.090 

0.099 

0.2145 

0.1964 

0.1783 

1.143 

1.522 

2.899 

3.340 

(iO.O 

40.0 

0.045 

0.052 

0.063 

0.2820 

0.2601 

0.2442 

2.887 

3.333 

4.494 

4.715 

r.().() 

.^)0.0 

0.023 

0.027 

0.029 

0.2625 

2.2333 

0.1929 

3.2(K) 

2.308 

5.529 

5.272 

38.2 

01.8 

0.022 

0.025 

0.027 

0.1762 

0.14.52 

0.1196 

2.5.53 

2.041 

6.369 

5.724 

30.0 

70.0 

0.016 

0.018 

0.021 

0.0860 

0.0756 

0.0647 

2.353 

2.703 

4.898 

2.269 

20.0 

80.0 

0.012 

0.013 

0.014 

0.0352 

0.0280 

1.600 

1.536 

— 

4.695 

10.0 

90.0 

0.005 

0.(X)7 

0.008 

0.0069 

0.(X)85 

0.0084 

6.666 

4.611 

2..591 

2.76.3 

The  electroconductivity  was  measured  by  Kohlrausch's  method  in  a  closed  vessel  with  smooth  platinum 
electrodes.  The  surface  tension  was  investigated  by  means  of  the  greatest  pressure  of  gas  (air)  bubbles  [5],  The 
vessel  for  the  Investigation  was  of  the  closed  type.  Mercury  was  used  as  the  sealing  liquid  between  the  cap  with 
a  capillary  tip  ,  and  the  vessel.  The  density  was  determined  by  hydrostatic  weiglilng.  Platinum  was  used  as 
the  body  for  weighing. 


Fig.  3.  Reduced  electroconductivity  (icn)  and 
temperature  coefficients  of  electroconductivity  (<x) 
and  viscosity  (fl  )  of  the  hydrazine—  acetic  acid 
system. 


There  are  no  data  in  the  literature  on  the  melt¬ 
ing  point  of  the  hydrazine— acetic  acid  system.  We 
were  unable  to  investigate  the  melting  point  of  this 
system  in  our  laboratory  due  to  the  low  freezing  points 
of  the  solutions. 

The  results  of  determining  the  density  of  the 
hydrazine— acetic  acid  system  are  presented  in  Table  1 
and  in  Fig.  1.  The  density  isotherms  were  curves  with 
a  sharply  expressed  maximum,  corresponding  to  a 
component  ratio  of  1:1.  Surface  tension  measurement 
data  are  presented  in  Table  1  and  Fig.  1.  The  surface 
tension  isotherms  had  an  S-shaped  form,  which  fell 
sharply  from  hydrazine  to  acetic  acid  at  component 
ratios  close  to  1:1.  The  results  of  the  viscosity  meas¬ 
urements  are  presented  in  Table  1,  and  are  illustrated 
graphically  in  Fig.  2.  The  viscosity  isotherms  had  a 
maximum  at  50  mole‘7o  of  hydrazine.  Data  on  the 
measurement  of  the  specific  electroconductivity  are 
presented  in  Table  2  and  in  Fig.  2.  The  electrocon¬ 
ductivity  fell  sharply  from  hydrazine  to  50  mole^  of 
acetic  acid.  There  was  then  a  sharp  change  in  the 
direction  of  the  electroconductivity  isotherms,  which 
fell  more  smoothly  toward  acetic  acid. 

DISCUSSION  OF  RESULTS 

The  presence  of  sharply  expressed  maxima  on 
the  density  and  viscosity  isotherms  indicate  the  forma¬ 
tion  and  existence  of  compounds  in  the  homogeneously 
fused  medium  of  the  hydrazine— acetic  acid  system. 

In  addition,  the  form  of  the  viscosity  indicates  that 
the  stability  of  the  compound  depends  on  temperature. 
Thus,  at  70*.  the  compound  is  stable  and  the  viscosity 
curve  has  a  quite  sharp  maximum.  With  an  increase 
in  temperature  of  10®,  the  viscosity  decreases  by  a 
factor  of  two,  and  the  maximum  flattens  out,  indicat¬ 
ing  dissociation  of  the  compound  in  the  homogeneous 
fused  medium.  The  S-shape  of  the  surface  tension 
isotherm  is  also  an  indication  of  the  existence  of  the 
compound  N2H4  *  CHsCCXDH. 


Tlv  specific  electroconductivity  isotherms  have 
a  sharp  inflection  at  the  compound  N2H4*CH3COOH. 
To  elucidate  the  effect  of  viscosity  on  electrocon¬ 
ductivity,  we  recalculated  the  latter.  Fig,  3  shows 
that  the  reduced  electroconductivity  isotherms  pass  through  a  sharp  maximum  approximately  at  a  component 
ratio  of  1:1,  We  also  calculated  the  temperature  coefficients  of  electroconductivity  over  the  temperature  ranges 
70-75  and  70-80*  (Table  2).  The  curves  of  the  electroconductivity  temperature  coefficients  (a)  are  illustrated  in 
Fig,  3,  They  have  a  maximum  corresponding  to  the  compound  N2H4  *  CHsCOOH.  Due  to  their  negative  values, 
the  viscosity  temperature  coefficients  are  plotted  below  the  zero  line  for  this  property.  The  viscosity  tempera¬ 
ture  coefficient  (0)  curves  are  illustrated  in  Fig,  3,  They  have  a  minimum  corresponding  to  a  1:1  compound. 

Thus,  all  the  properties  we  studied  indicate  the  existence  of  a  compound  between  hydrazine  and  acetic 
acid.  Assuming  that  this  compound  is  formed  by  a  type  of  hydrogen  bond,  its  structure  may  be  expressed  in  the 
following  way: 
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The  investigation  of  the  hydrate  sheaths  of  ions  in  solution  remains  one  of  the  most  difficult  problems  in 
chemistry,  up  to  the  present  time.  The  main  reason  for  this  is  the  absence  of  physicochemical  methods  for  the 
direct  study  of  the  state  of  the  HjO  molecules,  forming  the  closestsurroundingsofthe  ions,  isolated  from  the  whole 
mass  of  solvent.  To  a  considerable  extent,  such  investigations  are  complicated  by  the  multiplicity  of  the  chemi¬ 
cal  properties  of  ions,  as  a  result  of  which  the  character  of  the  interaction  of  ions  with  water,  and  the  structure  of 
the  hydrate  sheaths  of  the  ions,  changes  in  an  extremely  complex  way,  depending  on  the  chemical  nature  of  the 
ions. 

The  solution  of  this  problem  would  be  facilitated  to  a  considerable  extent  by  a  thorough  study  of  the  prop¬ 
erties  of  aquo  ions  forming  the  crystal  lattice  of  crystalline  hydrates  of  various  salts,  and  an  investigation  of  the 
properties  of  H^O  molecules,  forming  the  closest  •surroundings  of  the  ions  in  crystalline  hydrates. 

An  investigation  of  some  crystalline  hydrates,  carried  out  by  K.  B.  Yatsimlrskll  [1-5],  shows  that  for  the 
ions  Mg'*"*,  Zn"*"*,  Mn"*”*,  Co^*,  and  Ni''’*’the  energy  of  addition  of  six  HjO  molecules  to  the  Me'*'*  ion  and  the  heat 
of  hydration  of  Me(H20)5'''*  ions  not  only  have  high  numerical  values,  but  are  also  similar  in  value.  On  the  basis 
of  data  presented  in  the  works  of  K.  B.  Yatsimirskll,  it  may  be  stated  that  the  heat  of  hydration  of  the  aquo  ions 
MeCHiO)^^*  is  approximately  half  of  the  heat  of  hydration  of  the  Me'*^*  ion.  It  is  Important  to  note  the  fact  that 
this  conclusion,  based  on  experimental  data,  is  in  agreement  with  data  on  the  heats  of  hydration  of  the  ions  K'*', 

Rb'*',  Cs"*",  Cl”,  Br“,  and  I”,  obtained  in  the  calculations  of  K.  P.  Mishchenko  and  A,  M.  Sukhotln  [6].  In  addition, 
from  the  point  of  view  of  a  simplified  hypothesis  on  the  process  of  ion  hydration,  such  a  large  value  for  the  heats 
of  hydration  for  the  aquo  ions  Me(H20)6'*'*  seems  unusual.  Actually,  according  to  the  data  of  K.  B.  Yatsimirskll, 
the  heat  of  hydration  of  the  ions  MefHjOe^*  is  equal  to  220-240  kcal,  l.e.,  almost  equal  to  the  heat  of  hydratlpn 
of  a  proton,  and  approximately  twice  as  great  as  the  heat  of  hydration  of  Li'*'  and  F"  ions.  This  makes  further 
study  of  the  heats  of  hydration  of  Me(H20)5'*’*  aquo  ions  necessary.  The  subject  of  such  an  examination  should  be 
crystalline  hydrates,  which  have  been  thoroughly  studied  from  the  point  of  view  of  the  structures  of  their  crystal 
lattices,  since  only  data  from  x-ray  structural  analysis  gives  sufficient  grounds  for  proposing  the  presence  of  the 
aquo  ions  Me(H20)5'*'*  in  the  molecule  of  crystal  hydrates  [7,8].  The  energy  of  addition  of  six  H2O  molecules 
to  Me'*'*  ions,  and  also  the  heat  of  hydration  of  the  aquo  ions  Me(H20)6'*'*  may  be  calculated  if  we  know  the  first 
integral  heats  of  solution  and  the  crystal  lattice  energies  of  the  salts  containing  the  Me(H20)6'*'*  ions. 

The  crystal  lattice  structures  of  the  hexahydrates  of  Mg"*^*,  Zn'**,  Cd"*^*,  Mn^*,  Fe^*,  Co^*  and  Ni^*  perchlo¬ 
rates  have  been  investigated  thoroughly  by  West  [9];  all  six  of  the  H2O  molecules  in  these  compounds  form  the 
closest  surroundings  of  the  Me'*^*  cations  in  the  form  of  a  right  octahedron,  giving  grounds  for  stating  that  Me(H20)6^* 
ions  exist  in  the  structure  of  the  molecule  of  these  crystal  hydrates.  A.  F.  Kapustinskii's  equation  [10]  makes  it 
possible  to  calculate  with  great  accuracy  the  crystal  lattice  energy  of  salts  formed  by  the  simplest  ions. 

The  possibility  of  using  this  equation  for  calculating  the  energy  of  crystal  lattices  formed  by  complex  ions, 
with  the  form  of  right  octahedra  or  tetrahedra,  may  be  demonstrated  by  comparison  of  the  crystallochemical 
radii  of  these  ions,  found  from  the  data  of  x-ray  structural  analysis  of  the  complex  salts,  with  the  radii  of  the  same 
ions,  calculated  by  means  of  A.  F.  Kapustinskii’s  equation  from  the  heats  of  formation  of  these  salts. 
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TABLE  1 


Crystal  Lattice  Energy  of  the  Crystal  Hydrates  MefClO^)!  *  GHjO 


Formula  of  crystal  hydrate 

Crystallo- 
chemlcal  radius 
of  aquo  ion  (A) 
[9.11] 

Crystal  lattice 
energy 
(kcal/  mole) 

Mr(C104)2  .  filljO 

2.31 

349 

Zn(C104)2  •  6H,() 

2.30 

350 

Cd(C104)2  •  6Il2() 

2.42 

342 

Mn(C104)2-  (illaO 

2.36 

346 

Fe(GI04)2  •  6H2O 

2.33 

348 

Co(CI04)2  •  fiUjO 

2.30 

350 

N  1(0104)2  •  GHjO 

2.29 

351 

TABLE  2 

Integral  Heats  of  Solution  at  25*  of  the  Crystal  Hydrates  Me(C104)||  *  6HsO 


Formula  of  crystal  hydrate 

AH  of  solution  (in  kcal/mole) 

molar  dilu¬ 
tion  1 : 200 

molar  dllu-  j 
tlon  1 :  500  j 

molar  dilu¬ 
tion  1:1000 

Zn(C104)2  •  6H2O 

1.9 

1.6 

1.5 

Cd(C104)2  • 

0.6 

0.4 

0.4 

M|1(C104)2  •  6II2O 

1.4 

1.0 

1.0 

Fr(CI04)2  •  61120 

1.8 

1.5 

1.4  • 

00(0104)2  •  61120 

l.!» 

1.6 

1.6 

N  1(0104)2  •  6H2O 

2.4 

2.0 

2.0 

TABLE  3 

AH*  of  Formation  of  Crystal  Hydrates  Me(C104){  *  6H2O,  AH*  of  Formation  of  the  Aquo 
Ions  MefHjO)#^*.  Heats  of  Hydration  of  the  Ions  Me"’’*  and  MefHjO)*^* 


Formula  of  crystal 
hydrate 

AH*  of  formation 
of  the  crystal  hy¬ 
drate  (kcal/mole) 

c 

0 

3  (N  "c 

1  ctse  2 
•2  .2  0  DO 

«« 

<J  o2 

Energy  of 
addition  of 
sHjOgas  ( ^n 
kcal/g-ion) 

•  % 
ScX.2 

E  OTJ  < 

£152' 

000  :2 

S  c  E  3 

e  0  0  CT 
UJ  w'ii  ^ 

c 

0 

v» 

cO 

•3  CjCd  c 
^0  +CD.2 

0  0  00 
0  3 

♦-»  O' 

3"*  «r  3 
lE'oses 

j  Heat  of  formation 
of  ion  Me"** 

!  (kcal/g-ion) 

i 

our 

data 

V|^ 

0 

cd  « 

•0  • 

Mr(C104)2  •  6H2O 

—583.2 

-74 

289 

300 

226, 

240 

466 

Zn(OI04)2  •  OIljO 

— 510.(; 

—  1 

319 

331 

2.56 

239 

49.5 

0d(0104)2  •  6II2O 

—490.4 

12 

269 

— 

206 

232 

438 

Mn(OIO  )2  •  6H2O 

—526 

-20 

275 

288 

211 

235 

446 

Fo(0104)2  •  6II2O 

—495 

13 

291 

— 

288 

237 

525 

00(0104)2 . 6H2O 

— 4!M).4 

20 

321 

324 

2:.8 

240 

498 

N  1(01 04)2. 6H2O 

—490 

21 

333 

329 

270 

239 

509 

Table  1  gives  the  values  of  the  crystal  lattice  energies  of  the  crystal  hydrates  Me(C104)|  •  6H2O,  which  we 
calculated  from  A.  F.  Kapustlnskll's  equation.  In  accordance  with  the  data  of  Bedtker  and  Hassel  [11],  the  radius 
of  the  CIO4  ion  was  taken  as  equal  to  2.36  A  In  this  calculation. 

We  measured  the  first  integral  heats  of  solution  In  H2O  of  the  hexahydrates  of  Zn**,  Cd'*’*,  Mn"*^*,  Co^*  and 
Nl'*’*  perchlorates  on  samples  prepared  by  the  action  of  HCIO4  (analytical  grade)  on  carbonates  of  the  appropriate 
metals.  The  purity  of  the  samples  obtained  was  ensured  by  three  recrystallizations  from  water  and  drying  over 
H2SO4  to  a  composition  corresponding  to  the  formula  Me(C104)2  •  6H2O  ±  O.O5H2O, 
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Fe(C104)ii  •  6HjO  was  prepared  by  dissolving  Armco  iron  in  15-20%  HCIO4  and  then  precipitating  impuri¬ 
ties  with  hydrogen  sulfide.  The  preparation  was  recrystallized  and  dried  over  HjSO^  in  a  manipulator  filled 
with  CO|. 

The  heats  of  solution  of  the  crystal  hydrates  at  molecular  dilutions  of  1:200,  1;500,  and  1:1000  were 
measured  at  25*  in  a  microcalorimeter,  constructed  according  to  the  plan  proposed  by  K,  P,  Mishchenko  [12], 

The  sensitivity  of  the  calorimeter  was  0.0254  ±  0.0002  cal.  Data  on  the  integral  heats  of  solution  of  the  crystal 
hydrates  listed  are  presented  in  Table  2. 

As  can  be  seen  from  Table  2,  the  integral  heats  of  solution  at  molecular  dilutions  of  1:500  and  1:1000  dif¬ 
fer  insignificantly  and  the  first  integral  heats  of  solution  of  the  aquo  complexes  considered  can  be  taken  as  equal 
to  the  integral  heats  of  solution  at  a  molecular  dilution  of  1:1000  with  little  error.  We  took  data  on  the  heats  of 
solution  of  Mg(C104){t  *  GH^O  from  the  summary  of  Rossini,  Wagman  et  al.  [13], 

The  values  of  the  standard  heats  of  formation  of  the  crystal  hydrates  (AH*),  calculated  from  the  first  in¬ 
tegral  heats  of  solution,  are  presented  in  Table  3. 

Knowing  the  heat  of  formation  of  the  ion  CIO4  in  the  gas  phase  [14],  and  the  value  of  the  crystal  lattice 
energies  of  the  crystal,  hydrates  with  the  formula  Me(C104){  •  GHjO,  it  was  not  difficult  to  calculate  the  heats 
of  formation  of  the  aquo  ions  MeCHtO)^^*,  the  energy  of  the  process  Me^*  ^  +  GHjOg^j  =  Me(H20)5*gas  •  and  the 
energy  of  formation  of  the  aquo  ions  Me(H20)g^*  from  Meg|s  fons  and  liquid  H2O,  The  figures  we  calculated 
for  these  values  are  compared  with  the  data  of  K.  B,  Yatsimlrskii  in  Table  3,  The  same  table  gives  the  heats  of 
hydration  of  the  aquo  ions  Me(H20)4^*,  which  we  calculated  from  Fajans'  equation.  In  tills  calculation,  the  heat 
of  hydration  of  the  CIO4  ion  was  taken  as  55  kcal/ion. 

Our  data  differ  somewhat  from  the  data  of  K,  B,  Yatsimlrskii,  The  reason  for  this  difference  lies  only  in 
the  fact  that  in  our  calculations  we  used  the  heats  of  formation  of  the  ions  Meg^j  and  the  values  of  the  heats  of 
formation  of  anions  in  aqueous  solution  taken  hrom  the  summary  of  Rossini  et  al.  [13],  of  1952.  K.  B.  Yatsimlrskii 
used  values  taken  from  the  summary  of  Bichowsky  and  Rossini  of  1936,  in  his  calculations. 

Thus,  a  thermochemical  consideration  of  the  crystal  hydrates  of  Mg'*’*,  Zn'*’*,  Cd"*"*,  Mn^*,  Fe^*,  Co"*^*  and 
Nl"*^*  perchlorates,  which  are  typical  aquo  complex  compounds  of  the  form  [Me(H20)6KC  104)2,  confirms  the  data 
established  by  K,  B,  Yatsimlrskii.  The  heat  of  hydration  of  the  aquo  ions  Me(H20)5'^*  actually  equals  approxi¬ 
mately  half  the  heat  of  hydration  of  Me"*”*  ions. 

The  reason  for  such  a  high  value  for  the  heat  of  hydration  of  Me(H20)g‘*’*  ions,  in  our  opinion,  may  lie,  for 
example,  among  the  following. 

1.  It  is  possible  that  in  the  formation  of  a  dilute  solution  from  the  crystal  hydrate  Me(C104)2  •  6H2O  in 
liquid  H2O,  the  hydrate  sheath  of  the  aquo  ions  Me(H20)6^*  is  completely  reconstructed,  and  the  coordination 
number  of  the  Me+*  ions  changes  [15,  16], 

2.  H2O  molecules  in  the  aquo  ion  Me(H20)6'*'*  are  strongly  polarized.  The  interaction  of  the  hydrogen 
atoms  of  these  water  molecules  with  the  solvent  may  be  accompanied  by  a  large  exothermal  effect. 

3.  The  aquo  ions  Me(H20)g^*  are  aquo  acids  [17-19],  The  value  of  the  heat  of  hydration  of  these  ions, 
calculated  by  Fajans*  equation,  includes  the  energy  of  protolytlc  dissociation  of  the  aquo  ions. 

We  consider  it  our  pleasant  duty  to  express  our  deep  thanks  to  A,  F.  Kapustinskii  and  K.  P.  Mishchenko  for 
valuable  critical  comments  on  this  work. 


SUMMARY 

1.  From  the  first  integral  heats  of  solution  of  crystal  hydrates  of  metal  perchlorates,  we  calculated  the 
standard  values  of  the  heats  of  formation  of:  Zn(ClC\^  •  6H2O,  Cd(C104)2  *  6H2O,  Mn(C104)2  *  6H2O,  Fe(C104)2* 

•  6H2O,  Co(C104)i  •  6H2O  and  Ni(C104)2  •  6H2O. 

2.  l-'iom  A,  F,  Kapustinskii *s  equation  we  calculated  the  values  of  the  crystal  lattice  energies  of  the  crystal 
hydrates  of  Mg,  Zn,  Cd,  Mn,  Fe,  Co  and  Nl,  perchlorates. 
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3.  Calculations  were  made  of  the  heats  of  formation  of  the  aquo  Ions  Mg(HsO)(^’,  Zii(HsO)(^.  CdCHsO)^^*, 
Mn(HjO)/*,  Fe(HjO)j‘*’*,  Co(HjO)<^,  and  Ni(HjO)*^*,  the  energies  of  water  addition  to  Me'*'*  ions  in  the  gas  phase, 
and  the  heats  of  hydration  of  the  ions  MedljOV'*.  The  calculated  values  confirmed  the  data  of  K.  B.  Yatsimirskii. 

4.  It  was  shown  that  the  heats  of  hydration  of  the  aquo  ions  Me(H|OV^  are  approximately  half  of  the  heat 
of  hydration  of  the  ions  Me'*'*.  An  explanation  was  proposed  for  the  large  numerical  values  of  the  heats  of  hydra¬ 
tion  of  the  aquo  ions  considered. 

LITERATURE  CITED 

[1]  K.  B.  Yatsimirskii,  J.  Gen.  Chem.  17,  169  (1947). 

[2]  K.  B.  Yatsimirskii,  Bull.  Platinum  Section,  Acad.  Sci.  USSR  25,  5  (1950). 

[3]  K.  B.  YatslmlrskU,  BuU.  Acad.  Sci.  USSR,  Div.  Chem.  Sci.  5,  453  (1957).* 

[4]  K.  B.  YatslmlrskU,  J.  Gen.  Chem.  17,  2019  (1947). 

[5]  K.  B.  YatslmlrskU,  Thermochemistry  of  Complex  Compounds  [in  Russian]  (Moscow,  1951). 

[6]  K.  P.  Mishchenko  and  A.  M.  Sukhotin,  J.  Phys.  Chem.  27  ,  26  (1953). 

[7]  B.  F.  Ormont,  J.  Inorg.  Chem.  1,  678  (1956). 

[8]  B.  F.  Ormont,  J.  Inorg.  Chem.  2,  1977  (1957). 

[9]  A.  F.  West,  Z.  Krlstal.  91,  480  (1935). 

[10]  A.  F.  Kapustinskii,  J.  Gen.  Chem.  26,  941  (1956).  * 

[11]  G.  Bedtker  and  O.  Hassel,  Zbl.  1,  3404  (1933). 

[12]  K.  P.  Mishchenko,  M.  Z.  Pronina  and  A.  M.  Sukhotin,  J.  Appl.  Chem.  27, 1003  (1954).* 

[13]  F.  Rossini,  D.  Wagman,  W.  Evans,  S.  Levine  and  I.  Jaffe,  Selected  Values  of  Chemical  Thermo¬ 
dynamic  Properties,  Circular  500  (National  Bureau  of  Standards,  Washington,  1952). 

[14]  K.  B.  YatslmlrskU,  J.  Gen.  Chem.  26,  2376  (1956).* 

[15]  A.  F.  Kapustinskii,  J.  Phys.  Chem.  32,  1648  (1958). 

[16]  O.  Ya.  Samoilov,  Structure  of  Aqueous  Solutions  of  Electrolytes  and  Hydration  of  Ions  [in  Russian] 
(Moscow,  1957), 

[17]  Ya.  I.  Mlkhailenko  and  P.  G.  Mushinskii,  J.  Russ.  Phys.  Chem.  Soc.  41,  317  (1907). 

[18]  V.  I.  Semishin,  J.  Gen.  Chem.  10,  319  (1940). 

[19]  O.  P.  Alekseeva,  J.  Gen.  Chem.  22,  1906  (1952).  * 


*  Original  Russian  pagination.  See  C.  B.  Translation 


1773 


DERIVATIVES  OF  m-  AND  p  -  BE  N  Z  ENEDIS  U  LF  ONIC  ACIDS 


A.  V.  Kirsanov  and  N.  A.  Kirsanova 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  UkrSSR 

Original  article  submitted  May  20,  1958 

Benzenedisulfonlc  acids  have  been  known  for  more  than  80  years  [1],  but  many  of  their  simplest  derivatives 
(for  example,  the  dimethyl  and  diethyl  esters  of  m-  and  p- benzenedisulfonlc  acids,  their  N-substituted  amides, 
etc,),  have  not  been  prepared  up  to  the  present  time.  Not  one  phosphorus-containing  derivative  of  these  acids 
was  known,  although  such  compounds  are  of  undoubted  interest,  not  only  as  new  substances,  but  also  as  possible 
insecticides.  In  addition,  derivatives  of  p- benzenedisulfonlc  acids  are  of  interest  as  potential  raw  materials  for 
high-molecular  substances  of  new  types.  Therefore,  the  study  of  the  chemistry  of  the  simplest  p-benzenedlsul- 
fonic  acid  derivatives  was  of  especial  interest. 

The  aim  of  the  present  work  was  the  preparation  of  certain  of  the  simplest  derivatives  of  m-  and  p-ben- 
zenedisulfonlc  acids  and,  incidentally,  m,m*-diphenyl  sulfone  disulfonic  acid,and  the  study  of  their  properties. 

The  methyl  and  ethyl  esters  of  m-  and  p- benzenedisulfonlc  acids  and  m,m*-diphenyl  sulfone  disulfonic 
acid  were  obtained  by  the  action  of  a  benzene  solution  of  the  appropriate  dichlorlde  on  solutions  of  sodium  alco- 
holates,  which  were  first  evaporated  to  a  thick  sirup  In  vacuum.  With  the  use  of  dry,  or  almost  dry,  sodium  alco- 
holates,  the  reaction  hardly  proceeded  at  the  boiling  point  of  benzene,  but  in  the  presence  of  appreciable  amounts 
of  alcohol,  the  reaction  proceeded  readily,  but  the  diesters  could  not  be  isolated,  since  the  diesters  of  benzene- 
disulfonic  acids  are  strong  alkylating  agents  (see  below)  and,  therefore,  reacted  comparatively  readily  with  the 
excess  alcohol.  Thus,  the  reaction  proceeded  by  the  scheme; 

C„ll^(S02Cl)2  +  2R0Na  2NaGl -f- C6lI<(S020H)2; 

C6n4{S020R)2  4- ROII  ROR +C,.|l4(S()20R)S020IF. 

If  there  was  little  alcohol  in  the  reaction  mixture,  then  the  second  reaction  of  the  scheme  proceeded  slowly 
and  it  was  possible  to  isolate  the  diester  before  it  could  be  alcoholyzed.  If  there  was  a  lot  of  alcohol  in  the  re¬ 
action  mixture,  the  second  reaction  of  the  scheme  proceeded  very  rapidly  and  the  dlester  could  not  be  isolated. 

The  methyl  and  ethyl  esters  of  m-  and  p- benzenedisulfonlc  acids  and  m,m'-diphenyl  sulfone  disulfonic 
acid  were  colorless,  comparatively  low-melting  crystalline  substances.  For  all  tliree  acids,  the  methyl  esters 
melted  appreciably  higher  than  the  ethyl  esters.  The  esters  of  m- benzenedisulfonlc  acid  melted  below  the  esters 
of  the  p-disulfonlc  acid  and  the  latter  below  the  esters  of  m,m*-dlphenyl  sulfone  disulfonic  acid.  The  yields  and 
properties  of  the  esters  are  presented  in  Table  1, 

The  dimethyl  and  diethyl  esters  were  rapidly  hydrolyzed  when  heated  with  water.  It  seemed  interesting  to 
determine  the  extent  of  the  alkylating  properties  of  the  diesters.  For  this  purpose,  we  used  the  procedure  developed 
in  detail  by  A,  I.  Kiprianov  and  A,  I.  Tolmachev  [2],  and  based  on  determining  the  rate  of  alkylation  of  2-methyl- 
benzthiazole.  It  was  found  that  the  rate  constants  for  forming  quaternary  salts  of  2-methylbenzthiazole  (which 
determine  the  alkylating  capacity)  were  12,2  •  10~®  and  9.54  •  10"®  for  the  methyl  esters  of  m-  and  p-benzene- 
disulfonic  acids  at  90*,  i,e,,  considerably  higher  than  the  constants  of  methyl  iodide,  methyl  p-toluenesulfonate, 
and  methyl  benzenesulfonate  [2],  but  considerably  less  than  the  constants  of  methyl  nltrobcnzenedisulfonates  and 
dimethyl  sulfate,  not  to  speak  of  the  methyl  esters  of  nitro-  and  nitrochlorobenzenesulfonic  acids  [2]. 
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It  is  very  interesting  that  dimethyl  m- 
benzenedisulfonate  (constant  at  90",  12.2*10”*), 
is  more  active  than  dimethyl  p-benzenedisul- 
fonate  (constant  at  90*,  9,54  *  lO”*),  Conse¬ 
quently,  the  effect  of  one  sulfonic  acid  group 
on  another  is  largely  transmitted  by  an  induc¬ 
tion  and  not  an  electromeric  effect,  as  is  also 
the  effect  of  a  nitro  group  on  a  sulfonic  group, 
according  to  the  experiments  of  Kiprianov  and 
Tolmachev  [2],  Since  dimethyl  m-  and  p- 
benzenedisulfonates  are  strong  methylating 
agents,  it  is  quite  understandable  that  their 
preparation  should  be  carried  out  in  the  pres¬ 
ence  of  the  least  possible  amount  of  alcohol, 
which  is  alkylated  quite  rapidly  by  these  esters 
(see  above). 

Diamldes  of  aromatic  disulfonic  acids 
have  already  been  known  for  a  long  time  [1,4]. 
Tetramethyl-  and  tctraethyldiamides  of  disul¬ 
fonic  acids  were  unknown  up  to  now.  They  are 
interesting  as  undescribed  simple  derivatives 
of  aromatic  disulfonic  acids  and  as  possible 
physiologically  active  substances,  since  the  ac¬ 
cumulation  of  dialkylamido  groups  in  a  mole¬ 
cule  frequently  leads  to  an  increase  in  physio¬ 
logical  activity.  Actually,  they  were  all  found 
to  be  contact  insecticides ,  but  of  low  activity. 
Up  to  now ,  there  has  been  no  report  in  the 
literature  that  dialkylamides  of  sulfonic  acids 
may  have  insecticide  properties. 

The  tetramethyl-  and  tetraethyldiamides 
of  m-  and  p-benzenedlsulfonic  acids  and  m,m''r 
diphenyl  sulfone  disulfonic  acid,  and  the  un- 
symmetrlcal  dimethyl-  and  diethyldiamides  of 
p-benzenedisulfonlc  acid  were  obtained  by  the 
usual  scheme  by  the  action  of  amines  on  the 
sulfonyl  chlorides.  The  yields  and  properties 
of  the  N- alkylated  disulfonamides  are  presented 
in  Table  2. 

The  tetramethyl-  and  tetraethyldlatnides 
of  the  disulfonic  acids  were  colorless  crystalline 
substances  with  a  neutral  character.  The  un- 
symmetrical  dialkylamides  of  p-benzenedlsul- 
fonlc  acid  had  weakly  acidic  properties  and 
dissolved  readily  in  aqueous  solutions  of  caustic 
alkalis.  They  were  precipitated  unchanged 
from  such  solutions  by  the  action  of  acids,  in¬ 
cluding  carbon  dioxide.  They  were  hydrolyzed 
with  difficulty. 

A  large  number  of  phosphorus-containing 
derivatives  of  amides  of  monosulfonic  acids  of 
the  acyclic  and  cyclic  series  are  known,  and 


■ 


1775 


N-Alkylated  Diamides  of  Disulfonic  Acids  of  the  Type  R*|NSO^ArSO^R 


Chlorides  of  Phosphorus-Containing  Derivatives  of  m-  and  p-Benzenedisulfonic  Acids 
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TABLE  5 

Tetraesters  of  m-  and  p-Phcnylcneblssulfonamldophoiphorlc  Acids  of  the  Type  CfH4[SO^NHPCXOl0||]| 


have  been  studied  quite  thoroughly  [5],  The  phos- 
phazo  reaction  has  not  been  used  up  to  the  pres¬ 
ent  time  for  diamides  of  disulfonic  acids  and  bis- 
phosphazo  compounds  derived  from  disulfonic 
acids  were  unknown  up  to  now.  Bisphosphazo 
compounds  derived  from  sulfuric  acid  [6],  urea  [7], 
and  isophthalic  acid  [8]  have  been  described. 

Experiment  showed  that  the  phosphazo  re¬ 
action  proceeded  quantitatively  for  diamides  of 
disulfonic  acids  with  the  formation  of  bistrichloro- 
phosphazosulfonophenylenes,  but  at  a  considerably 
higher  temperature  (120-160*)  than  for  amides  of 
the  simplest  aromatic  monosulfonlc  acids  [5]  and 
under  approximately  the  same  conditions  as  for 
amides  of  nltrophenylsulfonic  acids  [9].  The  re¬ 
action  proceeds  by  the  scheme; 

G„ll5(S02Nll2)2+PCl6 

4HG1  +  G8H4(S02N=PGl3)2 

m-  and  p-Blstrlchlorophosphazosulfono- 
phenylenes  were  colorless,  crystalline  substances. 
They  were  rapidly  hydrolyzed  by  atmospheric 
moisture  or  by  the  action  of  water.  Both  bistri- 
chlorophosphazosulfonophenylenes  required  10 
equlv.  in  titration  to  phenolphthalein.  The  prop¬ 
erties  of  the  blstrichlorophosphazosulfonophenyl- 
enes  are  presented  in  Table  3. 

Like  trichlorophosphazosulfonaryls,  bis- 
trichlorophosphazosulfonophenylenes  reacted  with 
formic  acid  [10].  This  yielded  the  tetraacid  chlo¬ 
rides  of  the  corresponding  phenylenebissulfon- 
amldophosphoric  acids  by  the  scheme: 

G6H5(S02N=PGl3)2  +  2HGOOH  — ► 

-►  2GO  +  2HGI  -f  CeH4(S02NHP0Gl2)2 

The  reaction  occurred  under  much  more 
drastic  conditions  than  for  trichlcvophosphazo- 
sulfonaryls.  In  the  case  of  the  meta-derlvatlve, 
the  reaction  occurred  in  boiling  benzene  over  a 
period  of  3  hours,  while  in  the  case  of  the  para- 
derivative,  the  reaction  was  best  carried  out  in 
boiling  chlorobenzene,  since  p-bistrichlorophos- 
phazosulfonophenylene  was  difficultly  soluble  in 
boiling  benzene. 

The  tetraacid  chlorides  of  m-  and  p-phenyl- 
enebissulfonamidophosphoric  acids  were  color¬ 
less,  crystalline  substances;  they  were  hydrolyzed 
by  water  and  atmospheric  moisture,  but  with  con¬ 
siderably  more  difficulty  than  the  corresponding 
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blstrlchloiophosphazo  compounds.  Both  the  tetraacld  chlorides  required  8  equlv.  in  titration  to  phenolphthalein. 
Their  melting  points,  solubilities,  and  yields  are  given  in  Table  3. 

The  action  of  sodium  alcoholates  or  arylates  on  trichlorophosphazoaryls  yielded  trialkoxyphosphazosulfones 
and  triaroxyphosphazosulfones  [11].  Similarly,  the  action  of  sodium  alcoholates  and  phenolates  on  bistrichloro- 
phosphazosulfonophenylenes  yielded  the  corresponding  bistrialkoxy-  and  bistrlphenoxyphosphazosulfonophenylenes 
by  the  scheme: 

CoH4(SOaN=PCl3)2  +  6NaOR  — *► 

GNaCl  +CcH4(S02N=P(0R)3l2 

We  thus  obtained  biitrlmethoxy- ,  blstrlethoxy-  and  bistriphcnoxyphosphazosulfono-m-  and  p-phenylenes, 
which  were  colorless  crystalline  substances  of  a  neutral  character,  quite  stable  during  storage  in  air,  unchanged 
by  the  action  of  water  at  room  temperature,  but  readily  hydrolyzed  by  boiling  with  water  or  aqueous  alcohol  to 
form  tetraesters  of  the  conesponding  phenyleneblssulfonamidophosphoric  acids.  The  yields  and  properties  of  the 
bistrialkoxy-  and  bistriphenoxyphosphazosulfonophenylenes  are  presented  in  Table  4. 

The  action  of  excess  methanol  or  ethanol,  or  8  moles  of  sodium  alcoholates  or  phenolates  on  m-  and  p- 
blstrichlorophosphazosulfonophenylenes  gave  good  yields  of  the  symmetrical  tetraesters  of  m-  and  p-phenylene- 
blssulfonamidophosphoric  acids  (cf.  [11])  by  the  scheme: 

CeH4(S02N=PCl3)2  +  8Na0R  — 6NaGI -f- 2R2O  -f  CeH4[S02NNaP0(0R)2)2 
C,H4(S02N=PCl3)2  +  6II0R  — *4HC1  +  2RC1  -f  CeH4(S02MIP0(0R)2l2 


In  their  properties,  the  tetramethyl  and  tetraethyl  esters  of  m-  and  p-phenyleneblssulfonamidophosphoric 
acids  were  reminiscent  of  diesters  of  arylamldophosphoric  acids.  They  were  quite  strong  dibasic  acids,  which 
readily  dissolved  in  aqueous  solutions  of  caustic  and  carbonate  alkalis,  required  2  equiv.  in  titration  to  phenol-* 
phthalein,  and  gave  readily  water-soluble  sodium  salts  (with  the  exception  of  the  difficultly  soluble  sodium  salt 
of  the  tetraphenyl  ester  of  p-phenylenebissulfonamidophosphoric  acid).  The  yields  and  properties  of  the  esters 
are  presented  in  Table  5. 


E  XPERIMENTAL 

m-Benzenedisulfonyl  chloride  was  obtained  by  the  action  of  a  mixture  of  oleum  and  chlorosulfonlc  acid 
on  benzene,  at  first  with  cooling,  and  then  at  the  boiling  point  of  chlorosulfonlc  acid.  For  each  mole  of  benzene, 
2  moles  of  sulfur  trioxide  in  the  form  of  65*7o  oleum  and  8  moles  of  chlorosulfonlc  acid  were  used.  Hydrogen 
chloride  was  not  liberated  during  the  reaction.  The  cooled  dark  brown  liquid  was  poured  onto  ice  and  the  mixture 
of  diacid  chlorides  of  m-benzenedisulfonlc  acid  and  m,m '-diphenyl  sulfone  disulfonic  acid  was  sucked  off  and 
treated  with  CCI4,  in  which  the  diacid  chloride  of  m,m'-diphenyl  sulfone  disulfonic  acid  was  very  sparingly  sol¬ 
uble  and  the  diacid  chloride  of  m-benzenedisulfonic  acid  dissolved  very  readily.  The  total  yield  of  the  chlorides 
was  about  70%.  This  method  is  considerably  more  convenient  than  those  described  in  the  literature  [12]. 

There  is  no  description  in  the  literature  of  a  simple  and  convenient  method  of  preparing  p-benzenedlsul- 
fonlc  acid.  We  therefore  used  separate  stages  of  different  syntheses  described  in  the  literature.  As  the  starting 
material  we  chose  the  comparatively  cheap  and  readily  available  sulfanilamide,  which  was  converted  into  a 
mixture  of  the  sodium  salt  of  p-thlophenolsulfonamlde  and  p,p '-diphenyl  disulfide  disulfonarnide  by  a  method 
analogous  to  that  for  the  preparation  of  0,0 '-diphenyl  disulfide  dicarboxylic  acid  from  anthranillc  acid  [13]. 

The  mixture  of  the  sodium  salt  of  p-thiophenolsulfonamide  and  p,p '-diphenyl  dlsulRde  disulfonarnide  was 
oxidized  with  nitric  acid  by  a  method  analogous  to  that  for  the  oxidation  of  p,p '-diphenyl  disulfide  disulfonarnide 
to  p-benzenedisulfonic  acid,  proposed  by  Aiello  and  Pappalardo  [14].  However,  the  abstract  of  this  work  (we  were 
unable  to  acquaint  ourselves  with  the  original  work)  did  not  describe  the  oxidation  details  with  sufficient  accur¬ 
acy  and,  therefore,  we  were  obliged  to  choose  them.  The  p-benzenedisulfonlc  acid  and  its  monosodium  salt,  ob¬ 
tained  after  the  oxidation,  were  converted  to  the  disodium  salt,  which  was  converted  to  p-benzenedisulfonyl 
chloride  by  treatment  with  phosphorus  pentachloride  [15].  The  yield  of  p-benzenedisulfonyl  chloride,  calculated 
on  sulfanilamide,  was  65-70%,  which  can  be  considered  satisfactory.  However,  due  to  the  many  stages  and  its 
laboriousness,  the  method  cannot  be  considered  convenient. 


1779 


When  this  work  was  almost  complete,  an  article  was  published  by  Meerweln  et  al,  [16],  in  which  a  descrip¬ 
tion  was  given  of  a  comparatively  simple  method  of  converting  aromatic  amines  into  sulfonyl  chlorides  by  the 
scheme: 


ArNllj 


+NaNO, 
-f  IlCl 


ArNaCI 


+SO. 

+cua+CH,cooii 


ArSOoCl 


Treatment  of  sulfanilic  acid  by  Meerwein*s  method  yielded  the  readily  water-soluble  monoacid  chloride  of 
p-benzenedisulfonic  acid,  which  could  not  be  isolated  as  such.  Therefore,  the  p-benzenedisulfonic  acid  had  to 
be  isolated  as  the  disodium  salt,  which  involved  great  difficulties  due  to  the  large  volumes  of  the  reaction  mix¬ 
tures. 


It  would  be  possible  to  obtain  p-benzenedisulfonyl  chloride  from  p-phenylenedlamine  by  Meerwein*s 
method.  However,  this  procedure  is  hardly  of  practical  Interest  since  p-phenylenediamine  is  dear  and  difficultly 
accessible.  It  was  therefore  decided  to  use  Meerwein’s  method  for  the  synthesis  of  the  previously  unknown  monO' 
amide- monochloride  of  p-benzenedisulfonic  acid  from  the  cheap  and  readily  available  sulfanilamide.  It  was 
found  that  the  monoamide -monochloride  of  p-benzenedlsulfonic  acid  was  hydrolyzed  by  water  comparatively 
slowly  and  was  very  difficultly  soluble  in  water  and,  therefore,  it  could  be  obtained  directly  from  sulfanilamide 
in  about  80%  yield  by  the  scheme: 


p-NH2S02CflM4Nll2  p-Nn2S02C6n4N2Gl 

— »>  p-NHjSOzCelUSOaCl 


-l-so, 

-fCuri-fCH.coojt 


Apparently,  at  the  present  time,  this  is  the  least  laborious  and  cheapest  method  of  preparing  a  simple 
derivative  of  p-benzenedisulfonic  acid,  which  can  serve  as  the  starting  material  for  the  preparation  of  free  p- 
benzenedlsulfonlc  acid,  its  dichloride,  and  many  symmetrical  and  unsymmetrical  derivatives. 

Preparation  of  the  monoamide- monochloride  of  p-bcnzenedisulfonic  acid.  To  a  suspension  of  1  mole  of 
sulfanilamide  in  150  ml  of  concentrated  HCl  was  slowly  added  a  solution  of  1  mole  of  NaNO{  in  20  ml  of  water, 
so  that  the  temperature  of  the  reaction  mixture  did  not  rise  above  +10*.  When  all  the  sodium  nitrite  had  been 
added,  the  solution  was  kept  at  the  same  temperature  for  about  half  an  hour  and  then  it  was  poured  with  vigorous 
stirring  into  a  previously  prepared  solution  of  SOj  in  glacial  acetic  acid  (300  g  of  SOj  in  700  g  of  CHjCOOH), 

For  each  0.1  mole  of  sulfanilamide  it  was  necessary  to  take  200  g  of  the  given  solution  and  1  g  of  CuCl  as  cata¬ 
lyst,  When  the  solutions  mixed,  the  evolution  of  nitrogen  began  and  was  complete  in  approximately  30  minutes. 
After  this,  about  1  liter  of  ice  water  was  added  to  the  reaction  mixture.  A  colorless  precipitate  of  the  mono- 
amide- monochloride  of  p-benzenedisulfonic  acid  formed  immediately  and  was  sucked  off,  washed  with  water 
(6X  10  ml)  and  dried  in  vacuum.  The  yield  was  19.7  g  il8,3%);  the  m.p,  was  153-156*,  and  the  substance  formed 
a  fine,  crystalline  powder. 

Found  %  N  5,62,  5,64;  S  24,45,  24,48,  Equiv.  after  hydrolysis  2,02,  C8He04NS2Cl, 

Calculated  %.  N  5,49;  S  25,0.  Equiv,  after  hydrolysis  2.00, 

The  colorless  crystalline  substance  reacted  slowly  with  water  at  room  temperature,  but  rapidly  on  heating; 
it  was  very  readily  soluble  in  methanol  and  ethanol  (it  reacted  with  them  slowly),  acetone,  and  ether,  and  was 
sparingly  soluble  in  benzene,  petroleum  ether,  and  carbon  tetrachloride. 

The  diamides  of  m-  and  p-benzenedisulfonic  acids,  and  also  of  m,m’-diphenyl  sulfone  disulfonic  acid 
were  synthesized  by  methods  described  in  the  literature  from  the  corresponding  diacld  chlorides  and  ammonia 
[3, 4,  17],  The  diamlde  of  p-benzenedisulfonic  acid  was  also  obtained  by  the  action  of  ammonia  on  the  mono¬ 
chloride- monoamlde  of  p-benzenedisulfonic  acid,  which  demonstrated  the  structure  of  the  latter. 

p-Benzenedisulfonamide  from  the  monoamide- monochloride  of  p-benzenedisulfonic  acid.  0.05  mole  of 
the  monoamide- monochloride  of  p-benzenedisulfonic  acid  was  dissolved  in  50  ml  of  methanol  at  0*  and  6.8  ml 
of  a  concentrated  aqueous  solution  of  ammonia  added  immediately.  A  mixture  of  dlamide  and  ammonium 
chloride  precipitated  and  was  collected  by  filtration  and  washed  with  water  (4X5  ml)  to  remove  the  ammonium 
chloride.  The  yield  was  84.0%  of  prisms  (from  50%  alcohol)  with  m.p.  286-288*,  undepressed  by  admixture  with 
authentic  p-benzenedisulfonamide.  In  the  action  of  an  aqueous  solution  of  ammonia  or  gaseous  ammonia  on  a 
suspensionof  the  monoamide- monochloride  of  p-benzenedisulfonic  acid  in  CsHg  or  CCl4,the  yields  were  appreciably 
lower. 
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Dimethyl  ester  of  m-bcnzenedlsulfonic  acid.  0.06  g-at.  of  metallic  sodium  was  dissolved  In  25  ml  of 
CH3OH,  the  solution  evaporated  to  a  thick  sirup  and  0,03  mole  of  m-benzenedisulfonyl  chloride  In  50  ml  of  ben¬ 
zene  added.  The  reaction  mixture  gave  off  heat  and  a  precipitate  of  NaCl  formed  immediately.  After  1.5  hours, 
the  solution  was  evaporated  to  dryness  In  vacuum  on  a  water  bath,  then  100  ml  of  benzene  added,  and  the  NaCl 
removed  by  filtration.  Removal  of  the  benzene  in  vacuum  left  dimethyl  m-benzenedisulfonate. 

The  rest  of  the  esters  (Table  1)  were  obtained  similarly,  but  in  the  preparation  of  esters  of  diphenyl  sulfone 
disulfonlc  acid,  the  reaction  mixture  was  boiled  for  3  hours  under  reflux. 

The  methylatlon  of  2-methylbenzthlazole  with  methyl  m-  and  p-benzenedisulfonates  was  carried  out  under 
the  conditions  described  by  A.  I.  Kiprlanov  and  A,  I.  Tolmachev  [2],  For  each  experiment,  5,0  ml  of  a  0,08  M 
solution  of  the  components  In  toluene  was  used  and  the  mixture  was  heated  in  a  thermostat  at  90*  for  3,  4,  and 
5  hours.  The  greatest  deviations  from  the  average  values  of  the  constants  presented  in  the  general  section,  for 
separate  experiments,  was  about  1  *  lO”®. 

Tetramethyldiamldes  of  dlsulfonic  acids  (Table  l).  To  a  solution  of  0,01  mole  of  the  disulfonyl  dlchloride 
in  50  ml  of  benzene  was  added  9  ml  of  a  33*^  aqueous  solution  of  dlmethylamine.  A  thick,  white  precipitate 
formed  Immediately,  and,  after  an  hour,  this  was  collected  by  filtration  and  washed  with  water  (3  X  10  ml). 

Tetraethyldlamlde  of  m-benzenedisulfonic  acid  (Table  2),  To  a  solution  of  0,01  mole  of  m-benzenedl- 
sulfonyl  chloride  In  25  ml  of  dry  benzene  was  slowly  added  a  solution  of  0.05  mole  of  diethylamine  in  12  ml  of 
CgHe.  The  solution  evolved  heat,  and  after  several  minutes  a  precipitate  formed,  which  consisted  of  diethylamine 
hydrochloride  and  an  insignificant  amount  of  the  tetraethyldlamlde  of  m-benzenedisulfonlc  acid.  On  the  follow¬ 
ing  day,  the  precipitate  was  filtered  and  washed  with  water  (4X3  ml).  On  the  filter  remained  0,52  g  of  the 
tetraethyldiamide  of  m-benzenedisulfonic  acid.  The  benzene  solution  was  evaporated  to  dryness  in  vacuum  on 
a  water  bath  to  leave  2.77  g  of  the  tetraethyldiamide  of  m-benzenedisulfonlc  acid. 

The  tetraethyldiamide  of  p-benzcnedisulfonlc  acid  was  obtained,  as  in  the  previous  experiment,  but  it  was 
difficultly  soluble  in  benzene  and,  therefore,  precipitated  together  with  diethylamine  hydrochloride.  The  mix¬ 
ture  of  products  was  collected  by  filtration  and  treated  with  water  (4X3  ml)  to  remove  the  diethylamine  hydro¬ 
chloride. 

The  tetraethyldia mide  of  m,m’-diphenyl  sulfone  dlsulfonic  acid  was  also  obtained  similarly  to  the  tetra¬ 
ethyldiamide  of  m-benzenedlsulfonic  acid, 

Unsymmetrical  dimetl^ldiamide  of  p-benzenedisulfonic  acid  (Table  2).  0.06  mole  of  the  monoamide- 
monochloride  of  p-benzenedisulfonic  acid  was  dissolved  in  75  ml  of  methyl  alcohol, and  0,14  mole  of  dimethyl- 
amine  was  added  to  the  solution  immediately  in  the  form  of  a  saturated  aqueous  solution.  The  reaction  mixture 
gave  off  heat  and  a  precipitate  began  to  form  immediately.  After  an  hour,  it  was  collected  by  filtration  and 
washed  with  water  (2X5  ml)  and  methyl  alcohol  (2X5  ml). 

Unsymmetrical  diethyldiamide  of  p-benzenedisulfonic  acid.  0.01  mole  of  the  monoamide- monochloride 
of  p-benzenedlsulfonic  acid  was  dissolved  in  25  ml  of  CH3OH  and  0.025  mole  of  diethylamine  in  10  ml  of  CgHe 
was  added  immediately  to  the  solution.  The  reaction  mixture  evolved  heat  but  no  precipitate  formed.  On  the 
following  day,  the  solution  was  evaporated  in  vacuum  on  a  water  bath.  The  residual  oil  was  a  mixture  of  the 
unsymmetrical  diethyldiamide  of  p-benzenedisulfonic  acid  and  diethylamine  hydrochloride.  The  diethyldiamide 
was  insoiuble  in  water  and,  therefore,  10  ml  of  water  was  added  to  the  mixture,  when  the  diethylamine  hydro¬ 
chloride  dissolved,  and  the  diethyldiamide  was  collected  by  filtration,  washed  with  water  (2X5  ml)  and  dried. 

m-Bistrichlorophosphazosulfonophenylene  (Table  3).  Into  a  round- bottomed  flask  with  an  air  condenser 
was  placed  0,02  mole  of  carefully  dried  and  ground  m-benzenedisulfonamide  and  0,048  mole  of  PCI5,  The  flask 
was  immersed  in  an  oil  bath.  At  120®,  the  evolution  of  HCl  began  and  was  complete  after  about  an  hour.  Dur¬ 
ing  this  time,  tile  reaction  mixture  liquified  completely  and  appeared  as  a  quite  mobile  yellowish  liquid.  The 
excess  PCI5  was  removed  in  vacuum  at  120*.  After  several  hours,  the  m-bistrichlorophosphazosulfonophenylene 
crystallized, 

p-Bistriclilorophosphazosiilfonophenylene  was  obtained  as  in  the  previous  experiment,  but  the  reaction  was 
carried  out  at  160-170®  and  therefore  a  slightly  larger  excess  of  PCI5  was  used  (0.056  mole  of  PCI5  to  0,02  mole 
of  p-bcrizenedisiilfonamidc).  The  p-bistrichlorophosphazosulfonophenylene  crystallized  immediately  after  the 
flask  was  removed  from  the  bath. 
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Tetraacid  chloride  of  m-phenyleneblssulfonamidophosphorlc  acid.  To  a  solution  of  0,01  mole  of  m-bls- 
trichlorophosphazosulfonophenylene  in  75  ml  of  benzene  was  added  0,02  mole  of  anhydrous  formic  acid,  and  the 
reaction  mixture  boiled  for  3  hours.  After  15-20  minutes,  a  precipitate  of  the  tetraacid  chloride  of  m-phenyl- 
enebissulfonamidophosphoric  acid  began  to  form.  After  the  heating,  the  product  was  collected  by  filtration  and 
dried  in  vacuum. 

The  tetraacid  chloride  of  p-phenyleneblssulfonamidophosphoric  acid  was  obtained  as  in  the  previous  ex¬ 
periment,  but  the  reaction  was  carried  out  in  chlorobenzene,  since  p-bistrichlorophosphazosulfonophenylene  is 
difficultly  soluble  in  benzene  (1  g  in  100  g  of  CgHe). 

m-Bistrialkoxyphosphazosulfonophenylene  (Table  0,12  g-at.  of  sodium  was  dissolved  in  30  ml  of  meth¬ 
anol  or  ethanol.  The  solution  of  sodium  alcoholate  was  placed  in  a  flask,  fitted  with  a  stirrer,  a  thermometer, 
and  a  dropping  funnel,  and  cooled  to  —10®,  A  solution  of  0,02  mole  of  the  appropriate  bistrichlorophosphazo- 
sulfonophenylene  in  150  ml  of  dioxane  was  then  added  gradually,  so  that  the  temperature  of  the  reaction  mixture 
did  not  rise  above  0*.  When  the  reaction  was  complete  (neutral  reaction  to  Congo),  the  NaCl  was  removed  by 
filtration  and  the  solvent  removed  in  vacuum.  To  the  residue  was  added  10-15  ml  of  ice  water,  and  the  insoluble 
bistrialkoxyphosphazosulfonophenylene  collected  and  dried. 

m-Bistrlphenoxyphosphazosulfonophenylene.  0.005  mole  of  m-blstrichlorophosphazosiilfonophenylene  was 
dissolved  in  50  ml  of  dioxane,  and  to  the  solution  was  added  0.03  mole  of  dry,  carefully  ground  sodium  phenolate. 
The  mixture  heated  up  to  40-50*.  After  10-15  minutes,  the  precipitate  of  phenolate  was  replaced  by  a  precipi¬ 
tate  of  NaCl,  After  a  further  15  minutes,  the  NaCl  was  removed  by  filtration,  the  solution  evaporated  to  dryness 
in  vacuum,  and  25  ml  of  ice  water  added  to  the  residue.  The  water-insoluble  m-bistrlphenoxyphosphazosulfono- 
phenylene  was  sucked  off  and  dried. 

p-Bistriphenoxyphosphazosulfonophenylene  was  obtained  similarly  to  the  previous  product,  but  chloroben¬ 
zene  was  used  as  the  solvent. 

Tetra methyl  ester  of  p-phenylenebissulfonamidophosphoric  acid  (Table  5).  With  cooling  in  Ice,  0,005  mole 
of  p-bistrlchlorophosphazosulfonophenylene  was  gradually  added  to  25  ml  of  methanol.  After  15-20  minutes,  the 
whole  of  the  phosphazo  compound  had  dissolved  and  the  reaction  mixture  was  a  clear,  slightly  yellowish  solution. 

It  was  left  for  2-3  days  at  room  temperature.  During  this  time,  a  precipitate  of  the  tetra  methyl  ester  of  p-phenyl- 
eneblssulfonamldophosphoric  acid  formed,  and  this  was  collected  by  filtration,  washed  with  methanol  (2X3  ml) 
and  dried. 

Tetraethyl  ester  of  m-phenylenebissulfonamidophosphoric  acid.  To  a  solution  of  0.04  g-at,  of  sodium  in 
25  ml  of  ethanol  was  added  0,005  mole  of  m-blstrichlorophosphazosulfonophenylenc,  dissolved  in  100  ml  of  di¬ 
oxane.  A  precipitate  of  NaCl  formed  immediately.  After  an  hour,  it  was  removed  by  filtration,  and  the  solution 
evaporated  to  dryness.  The  residue  was  the  sodium  salt  of  the  tetraethyl  ester  of  m-plienylenebissulfonamldo- 
phosphoric  acid,  which  was  dissolved  in  a  small  amount  of  water.  The  solution  was  filtered  and  acidified  with 
HCI,  The  free  tetraethyl  ester  of  m-phenylenebissulfonamldophosphoric  acid  precipitated  and  was  collected, 
washed  with  water,  and  dried. 

Tetraethyl  ester  of  p-phenylenebissulfonamidophosphoric  acid  was  obtained  in  the  same  way  as  the  tetra- 
methyl  ester  of  p-phenylenebissulfonamidophosphoric  acid, 

Tetraphenyl  ester  of  m-phenylenebissulfonamldophosphoric  acid.  To  a  solution  of  0,002  mole  of  m-bistrl- 
chlorophosphazosulfonophenylene  in  50  ml  of  benzene  was  added  0,017  mole  of  dry,  carefully  ground  sodium 
phenolate.  The  reaction  mixture  was  boiled  for  8  hours  and  then  the  NaCl  was  removed  and  the  solution  evapo¬ 
rated  to  dryness.  The  residue  was  the  sodium  salt  of  the  tetraphenyl  ester  of  m-phenylcncblssulfonamldophosphoric 
acid.  It  was  dissolved  in  50  ml  of  water,  the  solution  filtered  and  acidified  with  hydrochloric  acid.  The  free 
tetraphenyl  ester  of  m-phenylenebissulfonamidophosphorlc  acid  precipitated  in  the  form  of  a  thick,  viscous  mass, 
which  rapidly  crystallized. 

Tetraplienyl  ester  of  p-phenylenebissulfonamidophosphoric  jcid.  To  a  solution  of  0.005  mole  of  p-bistri- 
chlorophosphazosulfonophcnylene  in  70  ml  of  dioxane  was  added  0.04  mole  of  dry,  can  fully  ground  sodium 
phenolate.  The  reaction  mixture  evolved  heat  strongly.  It  was  then  boiled  for  2  hours.  During  this  time,  a  pre¬ 
cipitate  formed  consisting  of  NaCl  and  the  sodium  salt  of  the  tetraphenyl  ester,  which  had  a  low  solubility  in 
water.  The  precipitate  was  therefore  collected  and  treated  with  50  ml  of  water  to  remove  NaCl,  The  residue 
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was  the  sodium  salt  of  the  tetraphenyl  ester  of  p-phenylenebissulfonamidophosphoric  acid.  The  yield  was  2.5  g 
(67.5*^).  To  prepare  the  free  tetraester,  the  sodium  salt  was  dissolved  in  hot  water  and  the  solution  acidified  with 
HCl.  The  free  tetraester  precipitated  immediately  and  was  collected,  washed,  and  dried. 

SUMMARY 

1.  The  methyl  and  ethyl  esters  of  m-  and  p-benzenedlsulfonic  acids  and  m,m*-diphenyl  sulfone  disulfonic 
acid  were  prepared,  and  it  was  shown  that  the  methyl  esters  of  m-  and  p-benzenedisulfonlc  acids  were  inter¬ 
mediate  between  methyl  arylsulfonates  and  methyl  nitroarylsulfonates  in  their  alkylating  capacity. 

2.  The  monoamide- monochloride  of  p-benzenedisulfonlc  acid  and  a  series  of  N-alkylated  amides  of  m- 
and  p-benzenedisulfonlc  acid  were  prepared. 

3.  The  phosphazo  reaction  was  canied  out  on  diamides  of  m-  and  p-benzenedisulfonlc  acids,  and  we  pre¬ 
pared  m-  and  p-bistrlchlorophosphazosulfonophenylenes,  tetraacid  chlorides  of  m-  and  p-phenylenebissulfon- 
amldophosphoric  acids,  m-  and  p-bistrialkoxy-  and  bistriphenoxyphosphazosulfonophenylenes  and  tetraesters  of 
m-  and  p-phenyleneblssulfonamidophosphoric  acids,  and  described  their  properties. 
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Up  to  the  present  time,  there  have  been  two  methods  for  preparing  trichlorophosphazo  compounds,  namely, 
the  phosphazo  reaction,  i.e.,  the  Interaction  of  phosphorus  pentachloride  with  acid  amides  [1],  and  the  action  of 
phosphorus  trichloride  on  the  sodium  salts  of  chloroamldes  of  sulfonic  acids  [2],  which  proceeds  by  the  scheme: 

ArSOjNNaCI  ]  PCI.,  — >  NaCI -f  ArS02N=PCl3. 

It  was  previously  proposed  [2]  that  the  main  motive  force  of  this  reaction  was  the  tendency  of  the  trlvalent 
phosphorus  atom  to  change  Into  the  more  favorable,  formally  pentavalent  state.  However,  It  was  found  that  not 
only  phosphorus  trichloride,  but  also  phosphorus  pentachloride,  reacted  vigorously  with  both  the  sodium  salts  of 
N-chloroanildes  of  sulfonic  acids  and  with  N,N-dlchloroamldes  of  sulfonic  acids  to  form  trichlorophosphazo 
compounds  and  free  chlorine  by  the  schemes: 

ArSOzNNaCl  -f-  F’Clg  Nn(',l  l-Cla-f  ArS02N=F»Cln, 

ArSOaNCFa  t  F’CFj  — »•  2Cl2-(-  ArSOaNrrrF’Cla. 

The  reaction  proceeds  readily  and,  In  most  cases,  with  almost  quantitative  yields  and  the  formation  of  very 
pure  trichlorophosphazo  compounds.  Apparently,  the  formation  of  phosphazo  compounds  Is  extremely  "favored," 
but.  In  most  reactions,  this  "favoring"  Is  masked  by  possibility  of  conversion  of  the  P=N  bond  Into  the  even  more 
"favored"  P  =  O  bond. 

Without  solvent,  the  reaction  of  phosphorus  pentachloride  with  sodium  salts  of  N-chlorosulfonamldes  pro¬ 
ceeds  with  such  vigor  that  the  reaction  products  are  completely  carbonized.  In  carbon  tetrachloride  solution  the 
reaction  begins  at  room  temperature.  Is  accompanied  by  the  liberation  of  heat,  and  is  rapidly  complete.  In  car¬ 
bon  tetrachloride  solution  at  room  temperature,  N,N-dlchloroamldes  of  sulfonic  acids  react  slowly  with  phosphorus 
pentachloride ,  but  very  rapidly  on  heating. 


EXPERIMENTAL 

Reaction  of  Phosphorus  Pentachloride  with  Sodium  Salts  of  N-Chloroarylsulfonamldes 

To  a  suspension  of  0.03  mole  of  the  sodium  salt  of  the  N-chloroarylsulfonamide  In  60  ml  of  carbon  tetra¬ 
chloride  was  added  0.03  mole  of  phosphcnrus  pentachloride  in  small  portions.  The  mixture  evolved  heat  and,  as 
the  phosphorus  pentachloride  was  added,  the  sodium  chloroamlde  gradually  passed  into  solution,  which  acquired 
a  yellow  color  and  gave  off  chlorine.  After  2-3  hours,  the  sodium  chloride  was  removed  by  filtration  and  the 
CCI4  distilled  from  the  filtrate  In  vacuum  on  a  water  bath.  The  residue  was  a  clear,  colorless  oil,  which  crystal¬ 
lized  completely  on  cooling.  Yields:  phenyl  trichlorophosphazosulfone  88*70,  m.p.  50-53*  [1],  p-tolyl  trlchloro- 
phosphazosulfone  94%,  ni.p.  106-108*  [1],  p-chlorophenyl  trichlorophosphazosulfone  about  100%,  m.p.  69-71*  [3] 
and  m-nltrophenyl  trichlorophosphazosulfone  about  100%,  m.p.  78-80*  [4].  The  products  were  Identified  by  mixed 
melting  points. 
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Reaction  of  Phosphorus  Pentachlorlde  with  N .N-Dlchloroarylsulfona mldes 

To  a  solution  of  0.03  mole  of  dlchloroarylsulfonamlde  In  50  ml  of  carbon  tetrachloride  was  added  0.03  mole 
of  phosphorus  pentachlorlde,  and  the  mixture  left  at  room  temperature  for  a  day.  The  phosphorus  pentachlorlde 
passed  Into  the  solution,  which  acquired  a  yellow  color  and  gave  off  chlorine.  (The  reaction  proceeded  much 
more  rapidly  on  heating.)  The  carbon  tetrachloride  was  removed  In  vacuum  on  a  water  bath.  The  residue  was 
aryl  trlchlorophosphazosulfones  In  the  form  of  colorless  oily  liquids,  which  rapidly  crystallized  completely.  Yields; 
phenyl  trlchlorophosphazosulfone  98%,  m.p.  50-53*  [1],  p-chlorophenyl  trlchlorophosphazosulfone  94%,  m.p.  69 
to  71*  [3],  and  m-nltrophenyl  trlchlorophosphazosulfone  about  100%,  m^).  79-82*  [4].  The  products  were  Identi¬ 
fied  by  mixed  melting  points. 

SUMMARY 

The  reaction  of  phosphorus  pentachlorlde  with  sodium  salts  of  N-chlorosulfonamldes  and  with  N  ,N-dlchl<»o- 
sulfonamides  proceeds  almost  quantitatively  with  the  formation  of  aryl  trlchlorophosphazosulfones  and  free  chlor¬ 
ine. 
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In  their  structure,  C-chloro-P,  P-diaroxylsophosphazoacyls  of  the  type  ArCCl— NPO( O  Ar')^  are  acid  chlo¬ 
rides  of  imino  carboxylic  acids,  in  which  the  hydrogen  atom  on  the  nitrogen  has  been  replaced  by  an  esterlfied 
phosphoric  acid  residue  [1],  Therefore,  C-chloro-P, P-diaroxyisophosphazoacyls  must  possess  the  chemical  prop¬ 
erties  of  acid  chlorides  of  carboxylic  acids.  Actually,  with  water  they  give  diaryl  esters  of  acylamldophosphoric 
acids  [1],  with  sodium  alcoholates  and  arylates  they  give  the  corresponding  esters  [2],  and  they  react  readily  with 
ammonia  and  amines,  i.e.,  they  possess  clearly  expressed  acylating  properties  and,  consequently,  are  analogous 
to  acid  chlorides  of  carboxylic  acids.  It  seemed  interesting  to  determine  whether  this  analogy  extended  to  the 
A.  E.  Arbuzov  reaction,  i.e.,  whether  C-chloro-P, P-diaroxylsophosphazoacyls  would  react  with  esters  of  phospho¬ 
rous  acid  analogously  to  acid  chlorides  of  carboxylic  acids.  As  has  been  found  by  M.  I.  Kabachnlk  and  P.  A . 
Rossiiskaya  [3],  the  latter  react  with  esters  of  phosphorous  acid  to  give  esters  of  ot-ketophosphlnlc  (carbacylphos- 
phinic)  acids. 

Experiments  showed  that  C-chloro-P,P-dlaroxylsophosphazoacyls  underwent  the  A.  E.  Arbuzov  reaction 
very  readily,  even  at  —15*,  with  the  evolution  of  a  large  amount  of  heat  and  the  formation  of  the  corresponding 
C-phosphinyl-P,P-diaroxylsophosphazoaroyls*  by  the  scheme: 

ArCCI=-M'()(OAr')2  +  P(<>Alk)im'  AlkCI  j  AiC -N  l•()(()A^')2.  (I) 

OI'HIP 

The  reaction  proceeds  equally  readily  for  triethyl  phosphite  and  the  methyl  and  ethyl  esters  of  phenylphos- 
phinous  and  diphenylphosphinous  acids.  The  alkyl  halide  liberated  during  the  reaction  also  reacts  with  trlalkyl 
phosphites  to  form  the  esters  of  the  corresponding  phosphinic  acids.  Therefore,  in  certain  cases,  the  reaction  is 
best  carried  out  in  vacuum  so  that  the  alkyl  halide  liberated  may  be  removed  as  rapidly  as  possible. 

Of  the  ten  C-phosphinyl-P,P-diaroxyisophosphazoaroyls  (I)  obtained,  two  were  colorless  crystalline  sub¬ 
stances  and  seven  were  thick  liquids  or  glassy  substances.  They  were  purified  by  3-4  fractional  re  precipitations 
with  petroleum  ether  from  a  solution  in  benzene  or  acetone.  The  yields  of  the  "crude"  substances  (I)  were  al¬ 
most  quantitative,  and  after  recrystallization  or  repreclpitatlon ,  they  were  about  50%.  We  were  unable  to  obtain 
the  liquids  (I)  completely  colorless.  They  all  had  a  characteristic  weak  smell  of  yeast  or  baked  bread.  When 
stored  at  room  temperature,  the  crystalline  substances  (I)  were  converted,  first  into  thick  liquids  and  then  into 
glassy  solid  products  after  two  to  three  weeks,  and  the  liquids  gradually  thickened. 

The  analytical  data,  external  appearance,  solubilities,  and  melting  points  of  the  substances  (I)  are  pre¬ 
sented  in  the  table. 

When  shaken  with  90%  alcohol  at  20*  for  4-6  hours,  (I)  were  quantitatively  hydrolyzed  with  the  formation 
of  diesters  of  acylamidophosphoric  acids,  and  the  corresponding  acid  esters  of  phosphorous  or  phospliinons  acids 
or  free  diphenylphosphinous  acid  by  the  scheme; 


•  Phosphinyl  is  the  radical  with  the  structure  HjPO— , 
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AK:t=iNl»()(OAi').,  ArCONni'O(OAr')  4- nOFlUl'. 

I 

On  boiling,  hydrolysis  occurred  In  1  hour.  In  the  presence  of  hydrochloric  acid,  the  hydrolysis  proceeded 
by  the  same  scheme,  but  the  dlesters  of  acylamldophosphorlc  acids  formed  were  hydrolyzed  further  to  free  aromatic 
acids.  The  dlesters  of  acylamldophosphorlc  acids  were  Identified  by  the  melting  point  of  a  mixture  with  authentic 
substances  and  the  amount  of  trlvalent  phosphorus  derivative  formed  was  determined  by  titration  with  Iodine  at 
pH  6  and  equalled  90-100%. 

In  the  hydrolysis  of  (IV)  and  (VIII)  It  was  possible  to  Isolate  almost  quantitative  yields  of  diphenylphosphlnous 
acid,  which  was  Identified  by  conversion  to  dlphenylphosphlnlc  acid  by  oxidation  with  Iodine  or  perhydrol.  Dl- 
phenylphosphlnous  acid  was  recently  obtained  by  B.  Hunt  and  B.  Saunders  by  the  action  of  phenylmagneslum 
bromide  on  diethyl  phosphite  [4].  We  obtained  diphenylphosphlnous  acid  by  a  simpler  method,  namely,  the  hy¬ 
drolysis  of  dlphenylchlorophosphlne  In  carbon  tetrachloride  solution.  The  diphenylphosphlnous  acid  synthesized 
by  this  method  was  oxidized  quantitatively  by  perhydrol  or  iodine  to  dlphenylphosphlnlc  acid  as  In  the  case  of  dl- 
phenylphosplilnlc  acid  obtained  by  hydrolysis  of  (IV)  and  (VIII). 

When  (I)  was  hydrolyzed  In  alkaline  solution,  benzaldehyde  was  not  detected  (cf.  [3]). 

If,  in  the  preparation  of  (I),  one  of  the  starting  components  was  dimethyl  phenylphosphlnite  [preparation  of 
substances  (in)  and  (VII)]  and  the  reaction  was  carried  out  at  a  higher  temperature  (about  130*)  and  for  a  longer 
time  (about  3  hours),  then,  as  a  side  product,  we  obtained  5-10%  of  triphenyltrlazlne  or  tri-p-chlorotriphenyltri- 
azlne,  which  were  identified  by  the  melting  points  and  analysis  for  nitrogen.  In  the  other  cases,  no  triaryltriazlne 
formation  was  observed,  even  if  the  reaction  was  carried  out  at  even  higher  temperatures.  Triaryltriazlne  forma¬ 
tion  did  not  occur  either  when  pure  (III)  and  (VII)  were  heated  under  the  same  conditions. 

EXPERIMENTAL 

C - Phenylethoxyphosphlnyl- P ,P-Dlphenoxylsophosphazobenzoyl  (II).  To  0.02  mole  of  C-chloto-P,P-diphen- 
oxyisophosphazobenzoyl,  cooled  to  —15*,  was  added  0.02  mole  of  diethyl  phenylphosphlnite  in  one  portion.  The 
reaction  mixture  heated  up  quite  strongly  (to  about  +50*)  and  frothed  (evolution  of  ethyl  chloride).  When  the 
evolution  of  gas  bubbles  began  to  slow,  the  reaction  mixture  was  heated  for  40-50  minutes  at  80-100*.  During 
this  time,  about  95%  of  ethyl  chloride  was  liberated  and  this  was  trapped  and  identified  by  the  usual  methods. 

For  complete  removal  of  the  ethyl  chloride,  the  brown  liquid  obtained  was  kept  In  vacuum  for  a  few  minutes, 
then  2-3  ml  of  ether  and  2  ml  of  petroleum  ether  were  added  and  the  mixture  left  at  room  temperature.  After 
1-2  hours,  the  mixture  was  converted  into  a  solid,  crystalline  mass,  which  was  powdered,  sucked  off,  washed  with 
petroleum  ether  (2X3  ml)  and  dried.  The  yield  of  (II)  was  51%. 

C-Phenylmethoxyphosphinyl-P,P-dlphenoxylsophosphazobenzoyl  (III).  0.02  mole  of  C-chloro-P,P-diphen- 
oxyisophosphazobenzoyl  was  placed  in  a  Claisen  flask,  fitted  with  a  thermometer  and  a  dropping  funnel,  cooled 
to  —15*  and  dimethyl  phenylphosphlnite  slowly  added  dropwise  in  vacuum  (about  10  mm).  After  the  addition, 
the  mixture  was  heated  on  an  oil  bath  at  50-60*  for  1  hour.  The  reaction  product  was  a  thick  yellow  oil,  obtained 
In  100%  yield.  When  the  reaction  was  carried  out  without  vacuum,  a  considerable  amount  of  the  methyl  ester  of 
methylphenylphosphlnic  acid  was  formed.  Heating  the  reaction  mixture  to  100-130*  for  1-3  hours  formed  about 
5%  of  triphenyltrlazlne  with  m.p.  228-230*,  which  corresponds  with  literature  data  [5]. 

C-Diphenylphosphlnyl-P,P-dlphenoxylsophosphazobenzoyl  (IV)  and  C- Diethoxyphosphiny  1- P ,P- dlphenoxy- 
Isophosphazobenzoyl  (V)  were  also  obtained  similarly  to  (II)  and  substances  (VI)-(X),  similarly  to  (III).  If  the  re¬ 
action  was  carried  out  at  100-130*  for  3  hours  In  the  preparation  of  (VII),  then  about  10%  of  tri-p-chlorotriphenyl- 
trlazlne  was  formed;  m.p.  334*,  which  agrees  with  literature  data  [5]. 

.  Diphenylphosphlnous  Acid.  With  vigorous  stirring  in  an  atmosphere  of  hydrogen,  0.02  mole  of  water  was 
slowly  added  dropwise  to  a  solution  of  0.02  mole  of  dlphenylchlorophosphlne  in  30  ml  of  CCI4,  and  after  all  the 
water  had  been  added,  stirring  was  continued  at  room  temperature  for  6  hours.  The  carbon  tetrachloride  was  re¬ 
moved  in  vacuum  and  the  residue  was  diphenylphosphlnous  acid  as  a  thick,  oily  liquid,  wliich  crystallized  com¬ 
pletely  after  10-12  hours.  The  yield  was  96%  and  after  recrystallization  from  ether,  the  product  had  m.p.  53-56*, 
which  corresponds  with  literature  data  [4].  Under  the  action  of  iodine  in  an  aqueous  solution  at  pH  6  or  under, the 
action  of  perhydrol,  diphenylphosphlnous  acid  was  quantitatively  converted  into  diphenylphosphinic  acid. 
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Hydrolysis  of  C-Phosphlnyl-P>P-DlaroxylsophosphazoaroyIs  was  carried  out  for  substances  (IV),  (V),  (VII) 
and  (IX).  A  mixture  of  0.01  mole  of  substance.  50-60  ml  of  alcohol  and  5  ml  of  water  was  shaken  for  6  hours 
at  room  temperature  or  boiled  for  a  period  of  1  hour.  The  alcohol  was  removed  In  vacuum  to  a  volume  of  20  ml 
and  the  solution  was  left  to  stand  for  a  day.  The  precipitated  crystals  of  the  diester  of  acylamldophosphoric  acid 
were  collected  by  filtration  and  recrystallized.  The  yields  were  from  50  to  75%,  The  products  were  Identified 
by  mixed  melting  points.  The  mother  liquors  were  evaporated  In  vacuum  and  the  residue  [for  substances  (IV) 
and  (Vin)  this  was  dlphenylphosphlnous  acid  In  almost  quantitative  yield]  was  dissolved  In  buffer  solution  and 
titrated  with  iodine  at  pH  6.  The  consumption  of  Iodine  for  substances  (IV)  and  (Vin)  was  almost  theoretical, 
and  about  90%  for  substances  (V)  and  (IX).  The  yield  of  dlphenylphosphlnlc  acid  [hrom  substances  (IV)  and  (Vin) 
after  oxidation]  was  almost  quantitative, 

SUMMARY 

C-Chloro-P,P-dlaroxylsophosphazoaroyls  readily  undergo  the  A.  E.  Arbuzov  reaction  with  esters  of  phos¬ 
phorous,  phenylphosphlnous  and  dlphenylphosphlnous  acids  to  form  the  corresponding  C-phosphinyl-P,P-diaroxy- 
Isophosphazoaroyls. 
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ADDITION  OF  DI  A  LK  Y  L  PH  OS  PH  ORO  US  ACIDS  TO 
ALKYL  ISOTHIOCYANATES 

K.  A.  Petrov  and  A.  A.  Neimysheva 
Original  article  submitted  March  20,  1958 

It  is  known  that  dialkyl  phosphites  readily  add  to  many  substances  containing  multiple  carbon  —  carbon, 
carbon  —  nitrogen  and  carbon  —  oxygen  bonds  to  form  various  organophosphorus  compounds.  In  a  series  of  cases, 
this  method  of  synthesizing  organophosphorus  compounds,  which  was  first  proposed  by  Pudovik  [1],  is  preferable 
to  the  Michaelis- Becker  and  Arbuzov  reactions,  and  may  be  applied  successfully  in  synthetic  work.  In  a  study 
of  this  reaction,  it  was  also  shown  that,  as  a  result  of  mixing  alkyl  isothiocyanates  with  phosphites,  there  was 
evolution  of  heat  by  the  reaction  mixture,  but  in  contrast  to  the  reaction  with  Isocyanates  [2-5],  the  correspond¬ 
ing  addition  products  could  not  be  isolated.  When  the  reaction  mixture  was  vacuum  distilled,  the  reaction  prod¬ 
ucts  decomposed  with  the  formation  of  low-boiling  substances  [3]. 

In  this  work,  it  was  shown  that  dialkyl  phosphites  add  to  alkyl  Isothiocyanates  with  the  formation  of  esters 
of  alkylamldophosphonothioformlc  acid 

(K0)2F0H  -f  RNCS 

RO/(|j  \nHR. 


The  reaction  proceeds  in  the  presence  of  sodium  aicoholate  with  the  evolution  of  heat,  and  is  completed 
by  heating.  The  duration  of  heating  and  reaction  temperature  have  a  marked  effect  on  the  yield  of  final  product. 
The  alkylamidophosphonothioformic  ester  is  obtained  in  good  yield  by  heating  at  110*  for  2-2.5  hours.  With  any 
change  in  the  reaction  temperature  and  the  heating  time,  a  sharp  fall  in  ester  yield  is  observed.  It  should  be 
noted  that  if  the  reaction  mixture  is  vacuum  distilled  immediately  after  the  end  of  heating,  after  removal  of  the 
low-boiling  fractions,  the  reaction  product  decomposes,  in  most  cases.  The  esters  of  alkylamidophosphonothio¬ 
formic  acid  may  be  distilled  only  after  the  reaction  mixture  has  been  washed  with  water. 

The  reaction  of  phosphites  with  isothiocyanates  was  studied  on  the  example  of  the  addition  of  phosphites 
to  methyl  and  allyl  isothiocyanates.  In  the  latter  case ,  the  addition  of  phosphites  is  possible  both  at  the  C  ^  C 
and  N  =  C  bonds.  In  the  first  case,  esters  of  y -isothlocyanopropylphosphinic  acid  should  be  formed  and  in  the 
second,  esters  of  allylamidophosphonothioformic  acid 


(RO)2l»OH  +  CHo^GH— CH2NGS— 


(R0)2PGH2CH2CH2NCS 

II 

o 


(110)2P-G^' 


NiiGn2Gii==GH2. 


That  esters  of  allylamidophosphonothioformic  acid  were  obtained  in  the  given  case  was  proved  by  the  fact 
that  hydrolysis  of  the  reaction  products  by  heating  with  hydrochloric  acid  formed  phosphoric  acid.  The  latter 
was  isolated  in  the  form  of  the  trianiline  salt.  A  mixed  melting  point  of  this  salt  with  the  trianiline  salt  obtained 
from  orthophosphoric  acid  and  aniline  was  not  depressed.  Phosphoric  acid  could  only  have  been  obtained  by  hy¬ 
drolysis  of  the  ester  of  allylamidophosphonothioformic  acid  and  not  from  the  ester  of  y -isothiocyanopropylphos- 
phinlc  acid. 
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Poimula  of  substance 

Bolling 
point  rp*e*“ 

«ii» 

Yield 

(ln‘5i>) 

Calculated  (In 
Found  (in  %) 

sure  In  mm) 

p  s  1  N 

CHjNlI. 

Methylamide  of  diethyl  phos- 
phonothloformlc  acid 

CH.NHv 

\C-P(OC,HrlSO), 

II 

() 

Methylamide  of  dllsopropyl 
phosphonothloformlc  acid 

CH,NHv 

\c-i>(OC4H.-n ), 

II 

o 

Methylamide  of  dl-n-butyl 
phosphonothloformlc  acid 


rH,=CHCH,NH 


V-PIOC.H.), 

II 


Allylamlde  of  diethyl  phos* 
phonothloformlc  acid 


CH,=CHCH,NH, 


Allylamlde  of  dllsopropyl 
phosphonothloformlc  acid 


133—134° 

(0.2) 

1.1820 

1.4998 

.54.4 

14.68 

14.89 

15.15 

15.35 

6.64 

T/ii 

113-113.5 

(0.08) 

1.1167 

1.4947 

46.3 

12.9.5 

12.84 

13.38 

13.86 

5.86 

6.64 

140.5(0.05) 

1.0S58 

1.4940 

.57.7 

11.60 

11.53 

11.97 

12.24 

5.24 

5.93 

125—126 

(0.07) 

1.1422 

1.512() 

47.3 

13.07 

12.86 

13.51 

13.85 

5.91 

6.79 

12.3—124 

(0.05) 

1.0950 

1.5000 

46.4 

11.69 

11.34 

12.07 

12.03. 

5.28 

5.71 

Esters  of  alkylamldophosphonothloformlc  acid  are  Immobile,  yellow  liquids  with  a  strong,  unpleasant  smell, 
and  which  are  readily  soluble  In  organic  solvents  and  Insoluble  In  water;  when  heated  with  hydrochloric  acid 
(1:1),  they  are  hydrolyzed  to  orthophosphorlc  acid.  When  esters  of  alkylamldophosphonothloformlc  acid  are 
heated  for  a  short  time  in  a  solvent  with  phosphorus  pentachloride,  rupture  of  the  molecule  at  the  C— P  bond  oc¬ 
curs  and  dlalkyl  chlorophosphates  are  formed  In  good  yield.  The  constants  of  the  substances  obtained  for  the  first 
time  are  presented  in  the  table. 


EXPERIMENTAL* 

To  an  equimolecular  mixture  of  dlalkyl  phosphite  and  alkyl  mustard  oil  was  added  an  alcohol  solution  of 
sodium  ethylate  until  the  mixture  began  to  evolve  heat,  and  then  the  reaction  mixture  was  heated  at  105-110* 
for  2  hours.  The  cooled  reaction  mixture  was  washed  with  water  and  the  substance  extracted  with  ether.  The 
ether  solution  was  separated  and  dried  over  Na^SO^.  After  removal  of  the  solvent,  the  esters  of  alkylamides  of 
phosphonothloformlc  acid  were  Isolated  by  fractionation  of  the  residue  in  vacuum. 

Hydrolysis  of  methylamide  of  diethyl  ester  of  phosphonothloformlc  acid.  To  3.6  g  of  the  substance  was 
added  20  ml  of  hydrochloric  acid  (1:1).  The  mixture  was  heated  under  reflux  on  a  boiling  water  bath  for  6  hours, 
and  for  2  hours  at  120-130*.  After  the  heating,  the  aqueous  solution  was  evaporated  under  reduced  pressure.  The 
residue  was  treated  with  excess  freshly  distilled  aniline  to  isolate  the  acid  in  the  form  of  the  aniline  salt.  The 
salt  Isolated  was  recrystallized  from  anhydrous  alcohol.  After  three  recrystallizations,  the  substance  Isolated  had 
m.p.  175-176*  and  corresponded  In  phosphorus  and  nitrogen  content  to  the  trlanlllne  salt  of  orthophosphorlc  acid. 

Found  %  N  10.85,  10.66;  P  9.08.  CmH2404NsP.  Calculated  %  N  11.12;  P  8.23. 


With  the  participation  of  L.  M.  Novskii. 


The  trianlline  salt  of  orthophosphoric  acid  formed  lustrous,  scaly  crystals,  which  were  readily  soluble  in 
water  and  hot  alcohol,  and  difficultly  soluble  in  ether,  chloroform,  and  carbon  tetrachloride.  A  mixed  melting 
point  of  the  salt  with  the  trianiline  salt  of  orthophosphoric  acid,  prepared  from  pure  orthophosphoric  acid  with 
aniline,  was  not  depressed. 

Reaction  of  methylamide  of  diethyl  ester  of  phosphonothioformic  acid  with  phosphorus  pentachloride.  With 
vigorous  stirring,  11.6  g  of  phosphorus  pentachloride  was  added  in  small  portions  to  11.7  g  of  the  methylamide  of 
the  diethyl  ester  of  phosphonothioformic  acid  in  25  ml  of  dry  carbon  tetrachloride ,  and  the  reaction  mixture 
heated  for  2  hours  at  60-65*.  The  unreacted  phosphorus  pentachloride  was  decomposed  with  sulfur  dioxide.  The 
solvent  was  removed  under  reduced  pressure.  On  distillation  of  the  residue,  a  fraction  was  collected  with  b.p. 
50-60*  (0.4  mm),  d*®^  1.1995,  n*®D  1.4205,  which  did  not  contain  sulfur  or  nitrogen,  and  corresponded  to  diethyl 
chlorophosphate  in  constants  and  chlorine  content.  The  yield  of  diethyl  chlorophosphate  was  59.5%  (on  the  methyl¬ 
amide  of  the  diethyl  ester  of  phosphonothioformic  acid  taken  for  the  reaction). 

Founds  Cl  20.46.  C4H10OSPCI.  Calculated  %;  Cl  20.58. 

Constants  reported  in  the  literature  [6]  for  diethyl  chlorophosphate:  b.p.  61-63*  (2.5  mm),  d*®4  1.2005, 
n*®D  1.4191. 


SUMMARY 

It  was  established  that  dialkyl  phosphites  add  to  methyl  and  allyl  isothiocyanates  in  the  presence  of  sodium 
ethylate  with  the  formation  of  esters  of  alkylamidophosphonothioformlc  acid. 
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MIXED  ANHYDRIDES  OF  CARBOXYLIC  ACIDS  AND  ACID  ESTERS 


OF  PHOSPHORIC  AND  M  E  T  H  Y  LPH  OS  PHINIC  ACIDS 
NEW  METHOD  OF  PREPARING  PYROPHOSPHATES 

K,  A,  Petrov  and  A.  A,  Neiinysheva 
Original  article  submitted  August  9 ,  1958 

Organic  derivatives  of  anhydrides  of  phosphorus  acids  are  an  important  group  of  phosphorus-containing  sub¬ 
stances,  Among  them  are  known  a  large  number  of  physiologically  active  compounds,  of  which  some  occupy  an 
important  place  in  biochemical  processes,  and  others  are  used  in  agriculture  as  insecticides.  Of  the  substances 
with  the  structure  indicated,  the  pyrophosphates  and  thiopyrophosphates  have  been  studied  comparatively  well, 
while  mixed  anhydrides  formed  from  carboxylic  and  phosphorus  acid  residues  have  been  studied  less.  At  the  pres¬ 
ent  time,  mixed  anhydrides  of  carboxylic  acids  and  esters  of  phosphorous  acid  (dialky I  acylphosphites)  and  an¬ 
hydrides  of  carboxylic  acids  and  esters  of  thionephosphoric  acid  (dialkyl  acylthionephosphates)  are  among  the 
substances  of  this  type  that  are  known.  Dialkyl  acylphosphates  were  obtained  by  cleavage  of  esters  of  pyrophos- 
phorous  acid  with  carboxylic  acids  [IJ  and  dialkyl  acylthionephosphates  by  acylation  of  sodium  dialkylthione- 
phosphates  with  acetyl  chloride  [2,3J  and  also  by  the  action  of  sodium  salts  of  carboxylic  acids  on  dialkyl  thione- 
chlorophosphates  [4],  or  by  the  addition  of  sulfur  to  dialkyl  acylphosphites  [1,2].  All  the  acylphosphates  obtained 
were  found  to  be  liquids  which  distilled  in  vacuum.  The  structure  of  these  substances  was  confirmed  solely  by 
analysis  data  on  the  phosphorus,  carbon,  and  hydrogen  contents;  no  analysis  for  acyl  groups  was  made,  and  some¬ 
times  different  constants  were  given  for  the  same  substances,  obtained  by  different  methods.  Thus,  according  to 
the  data  of  M.  I.  Kabachnik,  diethyl  acetylthionephosphate  is  a  liquid  with  b.p.  89-90*  (4  mm)  [2],  while,  ac¬ 
cording  to  the  data  of  N.  I.  Zemlyanskii,  the  substance  melts  at  64*  [4], 

As  regards  the  mixed  anhydrides  of  carboxylic  acids  and  derivatives  of  phosphoric  acid,  Schrader  reported 
(without  giving  the  constants)  dimethylamidodiacetylphosphate  and  ethyl  dimethylamidoacetylphosphate  [5], 
which  he  obtained  by  the  action  of  sodium  acetate  on  the  diacld  chloride  of  dimethylamidophosphoric  acid  (the 
first  in  an  inert  solvent,  and  the  second  in  anhydrous  alcohol). 

The  present  work  is  devoted  to  the  synthesis  and  a  study  of  the  properties  of  previously  undescribed  dialkyl 
acylphosphates.  These  substances  were  obtained  by  the  action  of  silver  salts  of  carboxylic  acids  on  acid  chlorides 
of  phosphoric  and  alkylphosphinic  esters  in  an  inert  solvent  at  35-40*.  At  the  end  of  the  reaction,  wliich  was  de¬ 
termined  from  the  absence  of  chlorine  from  the  solution,  the  precipitate  was  separated  and  the  solvent  distilled 
from  the  filtrate  in  vacuum  at  room  temperature.  The  residue  was  practically  pure  acylphosphate ,  which  was 
analyzed  for  the  acetyl  group  and  phosphorus  contents  without  additional  treatment.  In  all  cases,  the  substances 
were  obtained  in  quantitative  yield. 

In  contrast  to  dialkyl  acylthionephosphates.  dialkyl  acylphosphates  were  thermally  imstable  substances. 
During  vacuum  distillation  they  were  decomposed  quantitatively  to  form  esters  of  pyrophosphoric  acid  and  the 
anhydride  of  the  carboxylic  acid  by  the  equation 

,()  ,, 

(110)21’— 4-{cii.,(:<))A>, 

'(>(:(  K'.ii;,  II  II 

()  (* 
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We  used  this  property  of  acylphosphates  for  the  synthesis  of  various  pyrophosphates,  which  could  also  be  ob¬ 
tained  in  one  stage  without  isolation  of  the  acylphosphates.  The  reaction  of  the  acid  chlorides  of  phosphorus 
esters  with  silver  acetate  was  carried  out  in  benzene  with  heating;  after  removal  of  the  precipitate  and  solvent, 
the  residue  was  fractionated  to  give  acetic  anhydride  and  esters  of  pyrophosphoric  acid.  The  same  results  were 
obtained  by  using  lead  acetate  in  the  reaction  instead  of  the  silver  salt.  The  yield  of  pyrophosphates  was  90-95*1^. 

Tetraethyl  pyrophosphate  was  obtained  in  good  yield  by  the  action  of  silver  or  lead  carbonate  on  diethyl 
chlorophosphate.  In  this  case ,  the  formation  of  the  pyrophosphate  may  have  proceeded  through  the  mixed  anhy¬ 
dride  of  carbonic  and  diethylphosphoric  acids. 


2  yv<( 


-i  PbCOg  -> 


fCjHjO.  .OCsHs 

V— O— c— o-p/ 

II  II  ^OCjHb. 
o  o 


+  PbCla 


“P  CO2 


Attempts  to  replace  lead  and  silver  acetates  by  the  potassium  and  sodium  salts  did  not  lead  to  positive  re¬ 
sults:  in  this  case,  the  pyrophosphates  were  obtained  in  insignificant  yields. 

The  symmetrical  dimethyl  ester  of  methylpyrophosphinic  acid  and  the  diethyl  ester  of  the  tetraethyldiamide 
of  pyrophosphinic  acid  were  obtained  in  low  yield  by  any  of  the  methods  described.  In  the  first  case,  the  low 
yield  may  be  explained  by  the  thermal  instability  of  the  pyrophosphate.  In  addition  to  giving  acetic  anhydride 
and  methyl  methylpyrophosphinate ,  distillation  of  the  reaction  products,  obtained  by  the  action  of  silver  acetate 
on  the  acid  chloride  of  the  methyl  ester  of  methylphosphinic  acid,  yielded  a  substance  with  b.p.  120*  (40  mm) 
or  179-180*  (760  mm),  which  was  found  to  be  dimethyl  methylphosphinate ,  and  a  small  amount  of  the  anhydride 
of  methylphosphinic  acid  remained  in  the  flask.  Repeated  distillation  of  methyl  methylpyrophosphinate  again 
yielded  a  certain  amount  of  dimethyl  methylphosphinate  and  the  anhydride  of  methylphosphinic  acid.  The  re¬ 
action  may  be  represented  by  the  following  scheme: 


CHjO.  OCH3 

V— O— IV  - ►  CH3P0(0CI13)2  +  CH3P02. 

CH,/ J  II  N:H3 


The  same  results  were  obtained  in  the  distillation  of  the  previously  prepared  mixed  anhydride  of  acetic 
acid  and  methyl  ester  of  methylphosphinic  acid. 

The  decomposition  of  the  methyl  ester  of  methylpyrophosphinic  acid  is  similar  to  the  thermal  decomposi¬ 
tion  of  tetramethyl  pyrophosphate  and  tetraethyl  pyrophosphate.  It  is  known  that  these  substances  are  decomposed 
with  the  formation  of  trlalkyl  phosphate  and  alkyl  metaphosphate  [6]. 

The  formation  of  pyrophosphates  in  the  thermal  decomposition  of  acylphosphates  was  observed  only  when 
the  acylphosphates  did  not  contain  alkylamide  groups.  Alkylamldoacylphosphates  decomposed  by  another  scheme. 
Thus,  after  many  hours'  heating  of  the  acid  chloride  of  tetramethyldiamidophosphoric  acid  with  silver  acetate  in 
chlorobenzene  and  subsequent  fractional  distillation  of  the  reaction  mass  in  vacuum,  instead  of  the  expected 
pyrophosphate  we  isolated  a  substance  with  b.p.  77-79*  (24  mm),  which  was  found  to  be  N,N-dlmethylacetamide. 
This  substance  was  evidently  obtained  as  a  result  of  thermal  decomposition  of  the  initially  formed  acylphosphate. 


(CH3)2Nv  /O  t®  O 

(CH3)2N/  \OCOGH3  CH3C\ 

N  (Cl  1 3)2 


+  (CH3)2NF02. 


Similar  processes  also  occurred  in  the  preparation  of  diethyl  tetraethyldiamldopyrophosphate.  For  the 
reasons  given  above,  the  action  of  the  acid  chloride  of  diethylamidoethylphosphate  on  silver  acetate  gave  the 
pyrophosphate  in  not  more  than  yield. 
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EXPERIMENTAL 


Dlalkyl  acylphosphates  and  dlalkylacylphosphonates.  To  a  mixture  of  0,11  mole  of  the  silver  salt  of  carb¬ 
oxylic  acid  in  50  ml  of  absolute  ether  was  added  0.1  mole  of  chlorophosphate  dropwise,  and  the  reaction  mix¬ 
ture  was  stirred  at  35-40*  until  chlorine  ion  was  absent  from  a  test  sample.  In  individual  cases,  the  reaction  was 
continued  for  from  6  hours  to  several  days.  At  the  end  of  the  reaction,  the  precipitate  was  removed,  the  ether 
distilled  from  the  filtrate  in  vacuum  at  room  temperature,  and  the  residue  kept  in  vacuum.  The  acylphosphates 
thus  obtained  were  analyzed  without  further  purification.  The  yield  was  quantitative.  The  constants  of  the  sub¬ 
stances  obtained  are  presented  in  Table  1. 


TABLE  1 


Substance 

Calculated  (*7>)  | 

Found  (%) 

do* 

CHjCO 

P 

CH,CO 

P 

<CH,0),POCOCH, 

0 

Dimethyl  acetylphosphate 

1.2990(20) 

1.4070(28) 

25.6 

18.45 

25.97 

18.26 

(C,H,0),POCOCH, 

II 

1.1678(21) 

1.4117(17) 

21.94 

15.81 

21.75 

15.69 

0 

Diethyl  acetylphosphate 

^”*\pococn, 

CH.O^  II 

0 

Methyl  acetylmethyl- 
phosphonate 

1.2618(14) 

1.4212(14) 

28.31 

20.40 

27.65 

19.72 

CH,. 

)POCOOHj 
n  -CjHtO-  II 

0 

n-Propyl  acetylmethyl- 
phosfMionate 

1.3120(20) 

1.4566(20) 

23.90 

17.22 

22.10 

16.02 

(C.H.OHPOrOCFi 

II 

1.3074(17.5) 

1.. 3750  (19) 

— 

12.40 

— 

12.74 

0 

Diethyl  trifluoroacetyl- 
phosphate* 

(r,H»0),pococ,iij 

II 

1.1{MH)(16) 

1.4910(16) 

— 

12.08 

— 

11.83 

0 

Diethyl  benzoylphosphate 

• 

1 

*  Found  F  22.80.  CgHioC^PFs.  Calculated*^  F  22.55. 


The  acyl  phosphates  were  clear,  almost  colorless  liquids,  which  were  readily  soluble  in  organic  solvents, 
and  reacted  with  water  and  alcohols  to  form  acids  and  full  esters  of  phosphoric  or  alkylphosphinic  acids,  respec¬ 
tively.  They  were  thermally  unstable  and  when  vacuum  distillation  was  attempted,  they  decomposed  quanti¬ 
tatively  with  the  formation  of  pyrophosphates  and  anhydrides  of  carboxylic  acids. 

Reaction  of  the  acid  chloride  of  the  tetramethyldiamide  of  phosphoric  acid  with  silver  acetate.  17  g  of 
the  acid  chloride  of  the  tetramethyldiamide  of  phosphoric  acid,  and  20  g  of  dry  silver  acetate  in  50  ml  of  anhy¬ 
drous  benzene  were  stirred  and  heated  at  100*  until  chlorine  ion  was  absent  from  a  test  sample.  After  removal 
of  the  precipitate  and  the  benzene,  the  residue  was  vacuum  distilled  to  give  N,  N-dimethylacetamide.  The 
b.p,  was  77-79*  (24  mm).  We  obtained  6.5  g  (74.6‘5b  yield). 

Found  *70:  N  15.78.  C4H9ON. 

Calculated  %:  N  16.09. 

B.p.  83-84*  (32  mm)  is  reported  in  the  literature  for  N, N-dimethylacetamide. 
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TABLE  2 


Substance 


(C,H,0),P-0-P(OC,H.), 

II  II 

O  () 

Tetraethyl  pyrophosphate 
(isO-C,H,0),P-0-P(OC,Hr  iSO), 

A  & 

Tetraisopropyl 

pyrophosphate 

C,H,Ov  .OC,H, 

\p_o-p< 

(C»H.),N^  II  H  ^N(C,H.), 


(t  o 

Diethyl  tetraethyldlamido 
pyrophosphate 

CH,.  .CH, 

>P— O— PC 

CH,0^^  IpOCH, 

Dimethyl  dimethylpyro- 
phosphinate 


CH,. 


.CH, 


^p-o-p/ 
n  .c,HtO/  I  II  ^oc,HT-n 
o  <> 

Di-n-propyl  dimethyl- 
pyrophospninate 


Yield 

Boiling  poini 
(pressure 
in  mm) 

nj 

P  content , 
(%) 

(%) 

do^ 

calc. 

found 

90 

144— 145°  (3) 

1.2110(0) 

1.4225(18) 

21.38 

21.06 

54 

140-141(2.5) 

1.0850(20.5) 

1.4200(20.5) 

17.90 

17.34 

38 

153-153.5(2) 

1.2102(18) 

1.4402(18) 

18.02 

17.80 

00 

T 

1.3178(17) 

1.4370(17) 

30.69 

30.40 

73 

143-144(2) 

1.2212(18) 

1.4340(18) 

24.11 

23.94 

Pyrophosphates  and  pyrophosphonates.  The  reaction  mixture,  consisting  of  0,1  mole  of  the  acid  chloride 
of  the  phosphoric  or  methylphosphinic  ester,  0.13  mole  of  dry  silver  acetate,  and  100  ml  of  anhydrous  benzene, 
was  stirred  and  heated  on  a  boiling  water  bath  for  6-8  hours.  The  end  of  the  reaction  was  determined  from  the 
absence  of  chlorine  ion  from  a  test  sample.  After  removal  of  the  precipitate ,  the  benzene  was  also  removed 
under  reduced  pressure  and  the  residue  fractionated;  this  always  gave  two  fractions:  the  first  was  acetic  anhy¬ 
dride  and  the  second  did  not  contain  acetyl  groups  and  was  esters  of  pyrophosphoric  acid  or  methylpyrophosphinic 
acid.  The  acetanilide  obtained  from  the  acetic  anhydride  isolated  melted  at  115*,  which  agrees  with  the  melt¬ 
ing  point  of  acetanilide  presented  in  the  literature.  The  constants  of  the  pyrophosphates  thus  obtained  are  pre¬ 
sented  in  Tabl&  2. 

Tetraethyl  pyrophosphate  was  obtained  similarly  if  the  silver  acetate  was  replaced  in  the  reaction  by  lead 
acetate  (yield  94*70),  silver  carbonate  (yield  78%),  or  lead  carbonate  (yield  64%),  The  reaction  of  diethyl  chloro- 
phosphate  with  lead  salts  proceeded  more  slowly  and  was  complete  after  18-20  hours. 

The  acid  chloride  of  ethyl  diethylamidophosphate  was  reacted  with  silver  acetate  in  chlorobenzene;  when 
the  reaction  was  carried  out  in  benzene,  acetonitrile  or  glacial  acetic  acid,  no  formation  of  pyrophosphate  was 
observed. 

The  pyrophosphates  and  pyrophosphonates  were  soluble  in  organic  solvents,  hydrolyzed  by  water  with  dif¬ 
ficulty, and  did  not  interact  with  alcohols.  Thus,  after  boiling  di-n-propyl  dimethylphosphinate  with  n-propyl 
alcohol  for  2  hours,  we  recovered  the  starting  materials  quantitatively. 

The  pyrophosphates  were  thermally  unstable:  tetraisopropyl  pyrophosphate  decomposed  completely  at 
190*,  diethyl  tetraethyldiamidopyrophosphate  at  230-240*,  and  the  dimethyl  ester  of  dimethylpyrophosphinic 
acid  decompKjsed  even  when  vacuum  distilled;  two  fractions  were  then  isolated,  the  first  boiling  at  120-141* 

(40  mm),  and  the  second  at  141-142*  (4  mm),  A  sirupy  liquid  remained  in  the  distillation  flask,  and  this  was 
the  anhydride  of  methyl  phosphinic  acid.  The  first  fraction  boiled  at  179-180*  at  atmospheric  pressure,  and  was 
found  to  be  dimethyl  methylphosphinate. 

Found  %.  P  24,10.  C3H9O3P. 

Calculated  %?  P  25.00. 
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The  second  traction  was  dimethyl  methylpyrophosphinate. 

SUMMARY 

1.  A  method  was  developed  for  preparing  dialkyl  acylphosphates  by  the  action  of  silver  salts  of  carboxylic 
acids  on  the  acid  chlorides  of  esters  of  phosphorus  acids. 

2.  It  was  established  that  on  heating,  dialkyl  acylphosphates  decomposed  quantitatively  to  form  pyrophos¬ 
phates  and  anhydrides  of  carboxylic  acids. 
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The  most  important  mode  of  synthesizing  esters  of  phosphonic  acids  is  Arbuzov's  method,  which  consists  of 
alkylating  neutral  phosphites  with  alkyl  halides.  This  method  has  been  used  to  prepare  a  large  number  of  differ¬ 
ent  esters  of  phosphonic  acids,  containing  various  functional  groups  in  the  radical  attached  directly  to  the  phos¬ 
phorus.  There  is  some  similarity  between  the  reaction  considered  and  the  reaction  of  phosphites  and  halophos- 
phites  with  halides,  sulfenyl  chlorides,  chloroamines,  alkyl  hypochlorites  [1],  etc.  In  contrast  to  the  alkylation 
of  neutral  phosphites,  in  the  latter  case  phosphonates  are  not  obtained,  but  phosphates,  amidophosphates,  halo- 
phosphates,  thiophosphates,  and  other  similar  compounds. 

In  the  present  work,  a  study  was  made  of  the  action  of  alkyl  halides  on  dialkyl  cyanophosphites.  It  was 
surmised  that  the  reaction  would  proceed  in  accordance  with  the  "Arbuzov  rearrangement,"  as  a  result  of  which 
esters  of  alkylcyanophosphinic  acids  would  be  obtained. 


(R0)2PCN  +  li'I 


ON 

,1'— ir 


R\  /O 

-f  Rl 

RQ/  ^CN 


Experiments  confirmed  our  surmise.  Thus,  when  di-n-propyl  cyanophosphite  was  heated  in  a  sealed  tube 
with  three  to  four  times  the  amount  of  methyl  iodide  for  8-10  hours  at  160*,  the  n-propyl  ester  of  methylcyano- 
phosphinic  acid  was  obtained  in  yield.  The  structure  of  the  cyanide  obtained  was  confirmed  by  analysis  for 
phosphorus  and  the  CN  group,  and  its  conversion  into  methylphosphinic  acid  on  hydrolysis.  A  mixed  melting 
point  of  the  methylphosphinic  acid  obtained  with  the  acid  prepared  by  hydrolysis  of  the  methyl  ester  of  methyl¬ 
phosphinic  acid  was  not  depressed.  The  acid  was  isolated  in  the  form  of  the  free  acid  and  as  its  aniline  salt. 

The  action  of  chlorine  on  n-propyl  methylcyanophosphinate  in  the  presence  of  an  equimolecular  amount 
of  phosphorus  trichloride  formed  the  diacid  chloride  of  methylphosphinic  acid.  The  melting  and  boiling  points 
agreed  with  those  given  in  the  literature  for  this  substance  [2]. 


n-Oall-O^  yO 

4  I'Cl.,  +  2CI2  CII3POCI2  -I-  n--C3H7CI  4  POCI3  +  CIGN 

CH3/  ^CN 

The  method  proposed  for  preparing  esters  of  alkylcyanophosphinic  acids  is  a  general  one,  and  convenient 
for  preparing  any  esters  of  alkylcyanophosphinic  acids.  By  the  action  of  various  alkyl  halides  on  the  same  ester 
of  cyanophosphorous  acid  it  is  possible  to  obtain  esters  of  different  alkylcyanophosphinic  acids,  differing  from 
each  other  in  the  alkyl  residues  attached  directly  to  the  phosphorus.  By  the  action  of  the  same  alkyl  halide  on 
different  esters  of  cyanophosphorous  acids,  one  may  form  different  esters  of  the  same  alkylcyanophosphinic  acid. 

The  esters  of  alkylcyanophosphinic  acids  were  colorless  liquids,  which  dissolved  in  organic  solvents;  they 
were  readily  hydrolyzed  by  water  and  alkalis;  the  cyano  group  was  determined  quantitatively  by  Liebig's  method. 
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The  starting  dialkyl  cyanophosphites  were  obtained  by  replacement  of  the  chlorine  in  dialkyl  chlorophos- 
phites  by  the  CN  group  by  means  of  silver  cyanide  in  dry  ether  with  heating.  The  action  of  silver  cyanide  on 
alkyl  dichlorophosphites  also  yielded  alkyl  dlcyanophosphites.  This  method  was  used  previously  for  preparing 
cyanides  of  alkyl-  and  dialkylphosphinous  acids  [3]. 

The  alkyl  cyanophosphites  were  colorless  liquids  with  the  unpleasant  smell  of  phosphines,  and  were  soluble 
in  organic  solvents;  they  were  readily  hydrolyzed  by  water  and  aqueous  solutions  of  alkalis;  they  formed  solid 
complex  salts  with  cuprous  chloride. 

EXPERIMENTAL 

Diethyl  cyanophosphite.  To  21.5  g  of  diethyl  chlorophosphite ,  dissolved  in  50  ml  of  dry  ether,  was  added 
23,6  g  of  thoroughly  dried  and  finely  ground  silver  cyanide.  The  reaction  mixture  was  heated  and  stirred  vigor¬ 
ously  for  12  hours.  The  silver  chloride  formed  and  excess  silver  cyanide  were  removed  by  filtration  and  washed 
several  times  with  dry  ether.  The  ether  was  distilled  from  the  filtrate  on  a  Widmer  column.  The  residue  was 
vacuum  distilled  in  a  stream  of  CO^,  using  a  still  head.  We  obtained  9.6  g  (47.5*^)  of  cyanide. 

B.  p.  51-52*  (5  mm),  69-70*  (15  mm),  d^o”  1.0220,  n”D  1.6675. 

Found  %  CN  17.66.  CsHioOiNP. 

Calculated  CN  17.69. 

The  ester  was  a  colorless  liquid  with  an  unpleasant,  bitter  smell,  and  was  soluble  in  ether,  benzene,  carbon 
tetrachloride,  acetone,  alcohols,  and  other  organic  solvents.  The  cyanide  was  hydrolyzed  by  water  and  alkalis; 
the  cyano  group  was  determined  quantitatively  by  the  method  of  Liebig  and  Denige. 

Diisopropyl  cyanophosphite  was  obtained  under  analogous  conditions.  The  yield  was  44%.  The  b.p.  was 
62-64*  (8  mm). 

Found  %:  CN  15.02.  CtHmO^NP. 

Calculated  %:  CN  14.86. 

Di—n  propyl  cyanophosphite.  The  yield  was  50%. 

B.p.  80-82*  (6  mm),  d24.6*^*®  0.9833,  n*^*®D  1.4270. 

Found  %  P  17.5;  N  8.12;  CN  14J18.  C7H14O4NP. 

Calculated  %:  P  17.7;  N  8.0;  CN  14.85. 

n- Propyl  dicyanophosphite.  To  32  g  of  n-propyl  dichlorophosphlte ,  dissolved  in  100  ml  of  anhydrous  ben¬ 
zene,  was  added  70  g  of  dried  silver  cyanide,  and  the  reaction  mixture  heated  at  80-84*  for  7  hours.  After  the 
heating,  the  dicyanide  was  isolated  by  fractionation  in  vacuum.  We  obtained  20.0  g  (70%). 

B.p.  61*  (5  mm),  d*®2o  1.0955,  n*®D  1.4586. 

Found  %:  CN  36.7.  C5H7ON2P. 

Calculated  %:  CN  36.6. 

The  cyanide  was  a  colorless  liquid  with  an  unpleasant,  bitter  smell,  and  was  soluble  in  benzene,  chloroform, 
carbon  tetrachloride,  and  other  organic  solvents.  During  storage,  the  substance  gradually  decomposed  and  acquired 
a  reddish  color,  apparently  due  to  precipitation  of  red  phosphorus.  The  cyanide  was  decomposed  vigorously  by 
water  and  the  cyano  group  was  determined  quantitatively  by  Liebig's  method.  The  cyanide  reacted  vigorously 
with  cuprous  chloride  to  form  a  complex  salt,  which  appeared  as  a  white  crystalline  substance,  soluble  in  aceto¬ 
nitrile,  but  insoluble  in  chloroform,  carbon  tetracliloride,  benzene,  and  ether.  Hypothetically,  the  complex  salt 
had  the  following  composition;  n-C3H70P(CN)2  *  CuCl  or  [n-C3H70P(CN)i]j  •  CuCl. 

Ethyl  dicyanophosphite  was  obtained  under  analogous  conditions. 

B.p.  51.5-52*  (5  mm),  djo*®  1.1349,  n*®D  1.4535. 

Found  %:  CN  40.18.  C4H5ON2P. 

Calculated  %:  CN  40.62. 

I 


1799 


n-Propyl  methylcyanophosphinate.  17.5  g  of  di-n-propyl  cyanophosphite  and  70  g  of  methyl  iodide  were 
heated  in  a  sealed  glass  tube  at  160*  for  8-10  hours.  After  the  heating,  the  methyl  iodide  and  n-propyl  iodide 
were  distilled  from  the  reaction  mass  at  normal  pressure,  and  the  residue  was  vacuum  distilled.  We  obtained 
11,7  g  (80*^)  of  product, 

B.p.  95*  (6  mm),  1.0385,  n*^*®  D  1.4125. 

Found  <1^  P  21.18;  N  9.78;  CN  17.86.  CsHioOiNP. 

Calculated  %  P  21.10;  N  9.53;  CN  17.69. 

In  the  alkylation  of  dl-n-propyl  cyanophosphite  at  130*,  the  formation  of  n-propyl  methylcyanophosphinate 
was  also  observed,  but  the  yield  of  it  was  insignificant. 

n-Propyl  methylcyanophosphinate  was  a  colorless  liquid  with  the  smell  of  hydrocyanic  acid,  and  was  soluble 
in  water  and  organic  solvents.  The  cyanide  was  readily  hydrolyzed  by  water  and  alkalis.  The  cyano  group  was 
determined  quantitatively  by  Liebig’s  method.  The  ester  reduced  permanganate  in  aqueous  solutions  due  to  hydro¬ 
cyanic  acid,  formed  as  a  result  of  hydrolysis  of  the  cyanide.  The  cyanide  decomposed  when  treated  with  cuprous 
chloride.  The  formation  of  a  complex  salt  with  cuprous  chloride,  which  is  characteristic  of  phosphines,  was  not 
observed. 

In  order  to  establish  the  structure  of  the  cyanide,  the  latter  was  converted  into  the  acid  chloride  of  methyl- 
phosphlnic  acid  and  methylphosphinic  acid ,  which  was  isolated  as  the  free  acid  and  as  the  aniline  salt.  The  con¬ 
version  into  the  acid  chloride  of  methylphosphinic  acid  was  accomplished  in  the  following  way;  to  10  g  of  n- 
propyl  methylphosphinate  was  added  10  g  of  phosphorus  trichloride,  and  then  a  stream  of  chlorine  was  slowly 
passed  into  the  reaction  mixture  for  1-1.5  hours  at  20*  and  for  30  minutes  at  60*.  The  end  of  chlorination  was 
determined  by  a  negative  reaction  for  trivalent  phosphorus  with  mercuric  chloride  solution  on  a  test  sam.ple.  After 
the  chlorination,  the  reaction  mass  was  distilled  at  normal  pressure.  The  propyl  chloride  and  phosphorus  oxychlo¬ 
ride  distilled  first,  and  then  the  acid  chloride  of  methylphosphinic  acid  at  160-164*.  The  acid  chloride  was  puri¬ 
fied  by  many  distillations;  we  collected  a  fraction  with  b.p.  162*,  which  crystallized  at  room  temperature.  The 
acid  chloride  obtained  melted  at  31-32*.  The  melting  and  boiling  points  of  the  substance  obtained  agree  with 
those  reported  for  the  diacid  chloride  of  methylphosphinic  acid. 

The  acid  chloride  was  converted  into  methylphosphinic  acid  in  the  following  way:  the  acid  chloride  was 
gradually  added  in  small  portions  to  water.  The  hydrolysis  proceeded  vigorously  with  strong  evolution  of  heat. 
When  all  the  anhydride  had  been  added,  the  solution  was  evaporated  to  dryness  in  vacuum  on  a  water  bath.  The 
methylphosphinic  acid,  dried  in  a  desiccator  over  phosphorus  pentoxide,  melted  at  102-103*;  a  mixed  melting 
p>oint  with  the  acid  prepared  from  methyl  methylphosphinate  was  not  depressed. 

Hydrolysis  of  n-propyl  methylcyanophosphinate.  1.0  g  of  ester  was  dissolved  in  8-10  ml  of  water,  and  the 
solution  boiled  for  1-2  hours  and  then  evaporated  to  dryness  in  vacuum.  The  residue  was  boiled  with  8  ml  of 
concentrated  hydrochloric  acid  (d  1.19)  for  4  hours,  after  which  the  hydrochloric  acid  was  removed  in  vacuum. 

The  residue  was  decolorized  by  solution  in  water  and  heating  the  solution  with  animal  charcoal,  which  was  then 
removed  by  filtration.  Evaporation  of  the  filtrate  left  methylphosphinic  acid,  which  had  m.p.  103*  without  re¬ 
crystallization.  If  n-propyl  methylcyanophosphinate  was  heated  immediately  with  concentrated  hydrochloric 
acid,  the  methylphosphinic  acid  always  contained  ammonium  chloride,  which  was  obtained  due  to  hydrolysis  of 
hydrocyanic  acid,  formed  by  decomposition  of  the  cyanide.  The  methylphosphinic  acid  obtained  was  converted 
into  the  aniline  salt.  With  this  aim,  the  calculated  amount  of  aniline  in  n-propyl  alcohol  was  added  to  methyl¬ 
phosphinic  acid.  The  aniline  salt  precipitated  as  snow  white  crystals.  After  recrystallization  from  n-propyl  alco¬ 
hol,  and  drying  in  a  desiccator  over  phosphorus  pentoxide,  the  substance  had  m.p,  149-150*.  A  mixed  melting 
point  with  the  aniline  salt  of  methylphosphinic  acid,  prepared  from  methyl  methylphosphinate,  was  not  depressed. 

Ethyl  methylcyanophosphinate,  7,2  g  of  diethyl  cyanophosphite  and  29  g  of  methyl  iodide  were  heated  in 
a  sealed  tube  at  160*  for  8  hours.  Ethyl  methylcyanophosphinate  was  isolated  from  the  reaction  mixture. 

B.p.  73-74*  (3  mm),  djo*®  1.1084.  n^D  1.4205. 

Found  %  CN  19.88.  C4H80feNP. 

Calculated  CN  19.55. 
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The  aniline  salt  of  methylphosphinic  acid,  obtained  as  a  result  of  hydrolysis  of  ethyl  methylcyanophos- 
phlnate  and  subsequent  treatment  with  aniline,  melted  at  149*.  A  mixed  melting  point  with  the  aniline  salt,  pre¬ 
pared  from  pure  authentic  methylphosphinic  acid,  was  not  depressed. 

Ethyl  ethylcyanophosphinate.  8.5  g  of  diethyl  cyanophosphlte  was  heated  with  22  g  of  ethyl  iodide  in  a 
sealed  tube  at  160*  for  10  hours.  Ethyl  ethylcyanophosphinate  was  isolated  from  the  reaction  mixture. 

B.p.  79-80*  (5  mm),  djo*®  1.0795,  n”D  1.4196. 

Found  %  CN  17.63.  CgHioOiNP. 

Calculated  %.  CN  17.69. 

The  substance  was  a  colorless  substance,  which  was  soluble  in  organic  solvents.  The  cyanide  was  readily 
hydrolyzed  by  alkalis  and  water.  In  order  to  prove  the  structure  of  the  cyanide  obtained,  the  latter  was  converted 
into  the  aniline  salt  of  ethylphosphlnic  acid.  The  experiment  was  carried  out  under  conditions  analogous  to  those 
described  for  the  aniline  salt  of  methylphosphinic  acid.  The  m.p.  was  143-144*,  and  the  substance  crystallized 
from  ethyl  and  propyl  alcohols,  was  readily  soluble  in  water  and  hot  alcohol,  difficultly  soluble  in  cold  alcohol, 
and  did  not  dissolve  in  ether. 

Found  %  N  6.81.  CgH^OsHP. 

Calculated  N  6.89. 

n-Propyl  n-propylcyanophosphinate.  8.7  g  of  dl-n- propyl  cyanophosphlte  and  30  g  of  n- propyl  iodide  were 
heated  in  a  sealed  glass  tube  at  160-170*  for  10-12  hours.  After  the  heating,  the  contents  of  the  tubes  were  dis¬ 
tilled  to  yield  n-propyl  n-propylcyanophosphinate. 

B.p.  99-102*  (5  mm),  djo*®  1.0135,  n”D  1.4300. 

Found  CN  15.0.  C7H,40iNP. 

Calculated  CN  14.85. 

The  ester  was  a  colorless  liquid,  which  was  difficultly  soluble  in  water  and  readily  soluble  in  organic  solv¬ 
ents.  The  cyanide  was  hydrolyzed  by  water  and  alkalis;  the  cyano  group  was  determined  quantitatively  by  Liebig's 
method.  Hydrolysis  converted  the  ester  into  n-propylphosphinic  acid,  which  was  isolated  in  the  form  of  the  free 
acid  and  as  the  ammonium  salt  under  conditions  analogous  to  those  presented  in  the  description  of  the  hydrolysis 
of  n-propyl  methylcyanophosphinate.  The  n-propylphosphinlc  acid  melted  at  66*. 

Found  %  N  10.13.  CjHbOjNP. 

Calculated  °h.  N  9.94. 

After  recrystallization  from  n-propyl  alcohol,  the  ammonium  salt  melted  at  223-225*;  it  formed  white 
needles,  which  were  readily  soluble  in  hot  ethyl  and  propyl  alcohols,  and  difficultly  so  in  cold  alcohols. 

SUMMARY 

1.  Esters  of  cyanophosphorous  and  dicyanophosphorous  acids,  which  have  not  been  described  in  the  literature 
previously,  were  prepared. 

2.  An  investigation  was  made  of  the  alkylation  of  cyanophosphorous  esters  with  alkyl  halides,and  previously 
undescribed  esters  of  alkylcyanophosphinic  acids  were  obtained. 
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The  structure  of  the  widely  known  tetracyclines  (I)  has  a  series  of  characteristic  peculiarities,  determining 
both  the  routes  and  methods  by  which  the  total  synthesis  of  this  type  of  compound  may  be  achieved.  Due  to  the 
presence  of  a  0 -polycarbonyl  system,  the  tetracyclines  are  very  sensitive  to  alkaline  reagents,  which  readily  pro¬ 
duce  hydrolytic  cleavage  to  iso-compounds,  and  then  further  decomposition.  The  presence  of  a  tertiary  hydroxyl 
in  ring  C  causes  the  tendency  of  tetracyclines  to  acid-catalyzed  dehydration,  leading  to  aromatization  of  ring  C 
and  formation  of  an  anhydro- compound. 


In  this  connection,  it  is  advantageous  to  build  up  the  specific  ring  system  of  tetracyclines  in  such  an  order 
that  those  groups  which  make  the  molecule  labile  are  formed  in  the  latest  possible  steps  of  the  synthesis.  How¬ 
ever,  the  formation  of  the  methylcarbinol  group  in  ring  C  can  only  be  achieved  comparatively  easily  in  the  Initial 
stages  of  the  synthesis,  which  also  should  be  considered,  despite  a  series  of  difficulties  arising  later.  From  this, 
there  logically  follows  the  plan  for  synthesizing  tetracyclines  "from  left  to  right,"  i.e.,  first  the  construction  of  a 
sufficiently  complete  tricyclic  system  DCB,  and  then  the  gradual  formation  of  the  most  complex  ring  A. 


Starting  from  these  considerations,  we  planned  the  synthesis  of  those  ketols  of  the  hydroanthracene  series  of 
type  (in)  and  (IV),  in  which  two  rings  would  be  analogous  in  structure  and  sterically  to  tings  D  and  C  of  tetracy¬ 
clines,  and  the  third  ring  would  contain  the  structural  prerequisites  for  subsequent  construction  of  ring  A  and  the 
introduction  of  the  necessary  functional  groups  into  ring  B  of  the  tetracyclines.  The  route  we  chose  for  synthesiz¬ 
ing  compounds  of  this  type  consisted  of  the  condensation  of  1,4- naphthoquinone  with  butadiene  or  its  derivatives, 
and  conversion  of  the  adducts  (II)  formed  into  ketols  (III),  which  are  then  hydrolyzed  under  mild  conditions  to 
hydroxydiketones  (IV). 


•For  communications  I-ni,  see  [1-3], 
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«*M,0CH,  or  o*c; 
or  OCH, 


Ttie  first  stage  of  the  synthesis,  the  diene  condensation,  was  readily  accomplished  and  proceeded  in  high 
yields  when  naphthoquinone  was  heated  with  excess  diene  in  alcohol  or  benzene  at  100*.  It  should  be  noted,  how~ 
ever,  that  for  this  reaction  it  was  necessary  to  use  carefully  purified  quinones,  as  otherwise  there  was  considerable 
polymerization  of  the  dienes  and  the  yield  of  adduct  (II)  fell  considerably. 


In  the  condensation  of  5-methoxynaphthoquinone  with  2-methoxybutadiene,  two  isomeric  adducts  were 
formed,  (lie)  and  (Uf),  approximately  in  the  ratio  of  4:1.  To  prove  their  structures,  these  compounds  were  oxi¬ 
dized  with  atmospheric  oxygen  in  alcoholic  alkali  solution  to  1,7-  and  1 ,6-dimethoxyanthraquinone,  (VIIc)  and 
(Vlld),*  which  were  then  hydrolyzed  to  the  corresponding  dihydroxyanthraquinones  (Vile)  and  (Vllf),  of  which 
the  former  was  found  to  be  identical  with  1,7-dlhydroxyanthraquinone,  obtained  from  m-hydroxybenzoic  acid  [4]. 


Oil 


^\/\/\/ 
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H  O 


(lift  K  =  R*  =  R*  =  H;  (Va)  U  =  R'  ^  R*  =  H. 

(iiE)  R  =  R*  =  H,  R'  =orii,: 

(MO  R  =  OCH„  R*  =  R*=  II: 

(Me)  R  =  R'  =  OCH„  R’=  H; 

(1  If)  R  =  Jt’  =  ()C1I„  R'  =  H. 


H2 


\  /\/  \  R 1 

I  II 

H  0 


O 


(Via  R  =  R*  =  R*=  11; 

(Vlb>  R  =  OCH,.  R'  =  R>  =  II ; 
(Vic)  K  =  R'  =  OCH,.  R*  =  II. 


(VMa)R  =  R’=H.  R'  =  ocH,: 
(VMbI  R  -  o('ll„  R'  =  R*=  H; 
(VMq)  R  =  R'  =  OCH,,  R*=  II; 
(VIIQ  R  =  R*=tu;ji„  R'=:ii: 
(VMe)  it  =  R' =  OH,  R»=ll; 
(Vllf)  R  =  R>=  OH.  R'  =  H. 


The  second  stage  of  the  synthesis,  namely  the  selective  conversion  of  the  C9-keto  group  of  the  adducts  (II) 
into  a  tertiary  methylcarbinol  group,  was  accompanied  by  a  series  of  difficulties  due  to  the  presence  of  two  re¬ 
active  carbonyl  groups  in  the  molecule,  and  the  tendency  of  adducts  (II)  to  isomerize  into  dihydroanthrahydro- 
quinones  (V).  Thus,  with  the  use  of  a  considerable  excess  of  methyl  magnesium  halide,  and  the  normal  order  of 
mixing  the  reagents  (i.e.,  addition  of  the  adduct  to  the  organomagnesium  compound),  the  main  reaction  products 
were  glycols  of  type  (VIII). 


•  The  intermediate  stages  of  the  conversion  of  (H)  into  (VII)  were  their  isomerization  into  dihydroanthrahydro- 
quinones  (V)  and  oxidation  of  the  latter  into  dihydroanthraquinones  (VI).  Both  of  these  reactions  proceeded  very 
readily  and,  therefore,  the  action  of  enolizing  agents  on  the  adducts  (II)  in  the  presence  of  atmospheric  oxygen 
always  formed  certain  amounts  of  dihydroqulnones  (VI)  (the  intermediate  hydroquinones  could  only  be  isolated 
when  oxygen  was  carefully  excluded). 
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C) 


UA 


Ri 


U  U 


(Ila)  K  =  U'  =  H; 

(UB  R  =  H,  K'  =  OCH,; 
(HO  R  =  OCH,.  It'  =  H; 
(lie)  K  =  K'  =  OCll,. 


(Ilia)  R  =  R'  =  H; 

(Illb)  It  =  11,  R'  =  OCH,; 
(II Jr'  R  =  OCH,.  R'  =  H; 
(Ilia  R  =  R'  =  OCH,. 


O 


'\ 


CVIlla)  R  =  R'  =  H; 

(VIII  5  R  =  H.  R'  =  OCH.; 
(VlIIC)  R  =  OCH,.  R'  =  li; 
(VIIIQ)  R  =  R'  =  OCH,. 


I  /\  ^ 

RCIIsOH 

(I.\a'  R  =  H,  R*  =  OCH, 
(lAb'  R  =  IV  =  0CH,. 


We  were  able  to  obtain  the  desired  results  only  by  adding  an  ether  solution  of  methylmagnesium  iodide  (not 
more  than  25%  excess)  in  the  cold  to  a  benzene  solution  of  adduct  (II).  Under  such  optimal  conditions,  the  simp¬ 
lest  diketone  (lla)  was  converted  in  70%  yield  into  the  unsubstituted  keto  alcohol  (Ilia),  the  monomethoxy  adduct 
(Ilb)  formed  the  hydroxyketones  (Ulb)  and  (IXa),  in  the  case  of  adduct  (lie),  it  was  only  possible  to  isolate  hydroxy- 
ketone  (IUc),and  the  dimethoxy  adduct  (lie)  yielded  two  isomeric  ketols,  (Illd)  and  (IXb).  The  structure  of  the 
isomeric  ketols,  formed  from  adduct  (Ilb),  was  not  investigated  specially,  but  they  apparently  had  the  structures 
(inb)  and  (IXa),  and  were  not  stereoisomers. 

For  determining  the  position  of  the  methylcarbinol  group  in  compounds  (UIc),  (ind),  and  (IXb),  we  used 
the  general  property  of  ketols  of  type  (III)  and  (IX),  and  also  of  glycols  (VIII)  for  readily  undergoing  acid-catalyzed 
dehydration  to  derivatives  of  di-  and  tetrahydroanthracene  (X)  and  (XI)  and  the  structure  of  the  dehydration  prod¬ 
ucts  was  then  confirmed  by  a  study  of  their  infrared  spectra. 


CH3 

I 

I  I  1 

xxxA/ 

I  I 


Y 

/^\/\/\ 

I  II  I 

I  I 

R  X 


CH3 

I 

I  I  I  I 

I  I 

ciigO  on 


(Xa)  R  =  11.  X  =  OH; 
(Xb)  R  =  OCH,.  X  =  OH; 
(Xr)  R  =  11.  X  =  CH,; 
(XQ)  R  =  OCH,.  X  =  CH,. 


iXIZ)  R  =  H.  X  =  Y  =  CH,; 

(Xlb)  R  =  OCH,.  X  =  OH.  y  =  CH,; 
(XIC)  R  =  OCH,.  X=CH,.  Y  =  OH; 
(Xld)  R  =  OCH,.  X  =  Y  =  GH,. 


(XII) 


Thus,  the  tetrahydroanthrol  (Xlb)  and  the  dihydro  derivative  (XII)  obtained  from  compound  (Xb)  showed  [5] 
a  displaced  and  diffuse  band  of  an  OH  group,  characteristic  of  compounds  with  an  intramolecular  hydrogen  bond 

I  I 

CH3—  O  •  •  •  H— O  (such  as  8-methoxynaphthol-l,  etc,),  and  due  to  this,  the  structure  of  5-methoxy-l,2,3,4- 
-  tetrahydroanthrol- 10  derivatives  must  be  ascribed  to  these  compounds.  The  frequency  of  the  OH  group  band  of 
compound  (XIc)  coincides  with  the  OH  frequency  of  5-methoxynaphthol-l,  so  that  this  compound  can  be  con¬ 
sidered  as  a  derivative  of  5-methoxy-l,2,3,4-tetrahydroanthrol-9,  It  is  also  necessary  to  note  that  the  almost 
complete  identity  of  the  ultraviolet  spectra  of  compound  (Xb)  and  its  dihydroderivative  (XII)  indicates  that  the 
double  bond  in  compound  (Xb)  is  not  conjugated  with  the  aromatic  system  and,  consequently,  all  the  conversions 
of  adducts  of  type  (II)  described  in  this  article  do  not  involve  migration  of  the  double  bond  in  position  2,3, 

The  third  stage  of  the  synthesis  of  compounds  of  type  (IV),  namely  hydrolysis  of  the  enol  methoxyl  to  a  keto 
group,  only  proceeded  satisfactorily  when  dilute  acids  were  used,  since,  under  the  action  of  cone,  HCl,  the 
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corresponding  ketols  (III)  and  (IX),  and  also  the  glycol  (Vin)  underwent  dehydration  simultaneously  with  the  hy¬ 
drolysis.  Selective  hydrolysis  of  the  enol  methoxyl,  without  touching  the  tertiary  hydroxyls,  was  achieved  by 
shaking  an  ether  solution  of  the  substance  with  0.3  N  HCl  at  20*  or  (as  is  better)  by  heating  a  solution  of  the  sub¬ 
stance  with  0.03  N  aqueous  alcoholic  HCl  at  40*.  Under  these  conditions,  ketols  (nib),  (lUd),  (IXa),  and  (IXb) 
yielded  the  hydroxydiketones  (IVa),  (IVb),  (xma),  and  (XlUb),  respectively,  and  glycols  (VlUb)  and  (VlUd)  gave 
dihydroxyketones  (XlVa)  and  (XlVb). 
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o 

II 

X\/\/' 


X/\/\/Vo 

(IVa)  K  =  H; 

(IVb)  K  =  OOH,. 


I  /  \  , 

HCIl:,OII 

(Xllia)  R  =  II ; 
(Xlllb)  11  =  OCH,. 


H3G  OH 

\/ 

^\/\/\ 


I  /\ 

RGII30H 

(Xixa),R  =  ii: 
(XIVWr  =  OCH,. 


While  sensitive  to  the  action  of  acids,  ketols  (m)  were  extremely  stable  toward  alkalis  and  did  not  change, 
even  when  boiled  with  a  2%  alcohol  solution  of  KOH.  This  shows  that  they  have  the  most  stable,  probably,  trans- 
coupling  of  the  alicyclic  rings  (cf.  the  behavior  of  cis-  and  trans-oc-decalones  under  analogous  conditions  [6]); 
apparently,  in  the  formation  of  these  ketols  from  adducts  (Q) ^pimerization  of  one  of  the  asymmetric  centers 
(C^a  or  €93)  occurs  since,  according  to  Alder's  rule,  the  starting  adducts  must  have  a  cis-conflguration.  As  re¬ 
gards  the  third  asymmetric  center  (C9),  its  configuration  may  be  established  on  the  basis  of  the  principle  of  ”steric 
control  by  asymmetric  induction"  [7],  according  to  which  the  attack  on  the  (^-carbonyl  by  the  organomagnesium 
complex  must  occur  predominantly  from  the  least- screened  direction,  leading  to  a  compound  with  a  trans  dis¬ 
position  of  the  C9-hydroxyl  and  the  C9a-hydrogen.  Hence,  it  follows  that  ketols  of  type  (HI)  and  (IV)  have  the 
steric  structure  of  (XV),  which  corresponds  completely  to  the  configuration  of  natural  tetracyclines  (I)  [8],  This 
conclusion  is  confirmed  by  the  fact  that  ketols  (in)  and  (IV)  undergo  acid  dehydration  under  the  same  conditions 
and  with  the  same  ease  as  natural  tetracyclines  (I);  since  the  ease  of  these  conversions  is  determined  by  the 
steric  mutual  disposition  of  the  groups  eliminated,  the  identical  behavior  of  ketols  (in)  and  (IV)  and  the  tetra¬ 
cyclines  (I)  also  indicates  the  identity  of  the  configurations  of  the  corresponding  portions  of  their  molecules. 


The  presence  of  a  reactive  double  bond,  and  enol-ether  grouping  or  a  carbonyl  group  in  ketols  of  type  (XV) 
forms  the  prerequisites  for  the  introduction  of  various  substituents  and  functional  groups  into  positions  2,  3,  and  4 
of  their  molecules,  which,  in  its  turn,  opens  up  the  possibility  of  building  up  ring  A  of  tetracyclines,  for  example, 
by  the  scheme  we  developed  recently  [3]. 


EXPERIMENTAL* 

1.  Preparation  of  Adducts  of  Type  (II).  General  M e t h o d 

Carefully  purified  quinone  was  suspended  in  alcohol  or  benzene,  freshly  distilled  diene  added,  and  the  mix¬ 
ture  heated  in  a  sealed  tube  or  an  autoclave  with  periodic  shaking.  Adducts  (Ila)-(IId)  crystallized  readily  when 
the  reaction  mixture  was  cooled  to  —20*;  for  isolation  of  adducts  (lie)  and  (Ilf),  the  solvent  and  excess  diene  were 
removed  in  vacuum  and  the  residue  ground  with  ether,  collected  by  filtration,  and  carefully  washed  with  ether 
{  see  [9]  on  adduct  (Ila)}  . 

a.  9,10-Diketo-2-methoxy-l ,4,4a,9,9a,10-hexahydroanthracene  (lib)  was  obtained  from  0.1  mole  of  1,4- 
naphthoquinone  and  0.25  mole  of  2- methoxybutadiene  in  30  ml  of  anhydrous  alcohol  in  the  presence  of  0.1  g  of 
hydroquinone  (100*,  4  hours);  the  yield  was  88%. 


*  All  the  ultraviolet  spectra  were  plotted  in  96%  alcohol  and  the  infrared  spectra  in  CCI4  (1:400  to  1:600) 
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M.p.  143-144*  (from  benzene),  Xjjjax  ^24,  254  and  298  mp  (Ig  €  4,43,  3.93,  and  3.21). 

Found  C  74,08;  H  5.93.  C15H14O3. 

Calculated  ‘fe  C  74.36;  H  5.83. 

b.  9 ,10-Diketo- 5- methoxy- 1 ,4 ,4a ,9 ,9a ,1 0-hexahydroanthracene  (lie)  was  obtained  from  0.1  mole  of  5- 
-methoxy- 1,4- naphthoquinone  and  0.4  mole  of  butadiene  in  100  ml  of  alcohol  (100*,  1,5  hours);  yield  91%. 

M.p,  92-93*  (from  alcohol),  229  and  336  mp  (Ig  c  4.41  and  3,73), 

Found  %:  C  74.49;  H  5.89.  CuH^Qj. 

Calculated  %  C  74.36;  H  5.83. 

c.  9,10-Diketo-5-acetoxy-l,4,4a,9,9a,lCt-hexahydroanthracene  (Ild)  was  obtained  from  0,1  mole  of  5- 
-acetoxy-1, 4-naphthoquinone  and  0.4  mole  of  butadiene  in  200  ml  of  alcohol  (100*,  1.75  hours);  the  yield  was 
91%  and  Xj^^x  223,  245,  and  307  mp  (Ig  e  4.44,  3,91,  and  3.37),  The  compound  existed  in  two  crystalline 
modifications  (a  and  fl),  of  which  the  a-form  was  metastable  and  readily  changed  into  the  fl-form  when  melted 
or  dissolved. 

a-Form:  m.p.  113.5-114.5*  (from  alcohol). 

Found  %:  C  71.50;  H  5.11.  C16H14O4. 

Calculated  %:  C  71.10;  H  5.22. 
fl-Form;  m.p.  135.5-136.5*  (from  alcohol). 

Found  %:  C  71.29;  H  5.20.  CieHi404. 

Calculated  %.  C  71,10;  H  5,22. 

d.  9,10-Diketo-3,5-dimethoxy-  and  9,10-diketo-2,5-dimethoxy-l,4,4a.9,9a,10-hexahydroanthracene  (lie) 
and  (nf)  were  obtained  from  0,1  mole  of  5-methoxy-l,4-naphthaquinone  and  0,3  mole  of  2-methoxybutadiene 

in  200  ml  of  anhydrous  benzene  in  an  atmosphere  of  CO^  (100*,  12  hours);  the  mixture  of  adducts  (lie)  and  (Uf) 
formed  (92%  yield)  was  resolved  by  fractional  recrystallization  from  benzene. 

(lie):  yield  55-60%,  m.p,  144-145*,  Xf^^x  227  and  338  mp  (Ig  €  4,32  and  3.70), 

Found  %:  C  70.72;  H  6.13.  C16H16O4. 

Calculated  %:  C  70.57;  H  5.92. 

(Ilf):  yield  15-20%,  m.p.  141-143*,  X^ax  227  and  338  mp  (Ig  €  4.33  and  3,72). 

Found  %:  C  70,59;  H  5,87,  C]^gHj404. 

Calculated  %:  C  70,57;  H  5,92, 

2,  Isomerization  and  Oxidation  of  Adducts  of  Type  (II) 

a.  Isomerization  of  9,10-diketo-5-methoxy-l,4,4a,9,9a,10-hexahydroanthracene  (He).  To  a  solution  of 
0.3  g  of  adduct  (Uc)  in  3  ml  of  alcohol,  shaken  in  an  atmosphere  of  Hj,  was  added  10  mg  of  NaOH  and,  after 

5  minutes,  the  mixture  acidified  with  5%HC1  and  the  precipitate  collected  and  washed  with  water.  The  yield  of 
5- methoxy- l,4-dihydro-9, 10- anthrahydroquinone  (Va)  was  0,26  g  (87%)  and  the  m.p,  146-148*  (from  alcohol 
saturated  with  COj). 

Found  %:  C  74.55;  H  5.84.  CigH^Q,. 

Calculated  %:  C  74.36;  H  5.83. 

b.  Oxidation  of  9,10-diketo-5-methoxy-l,4,4a,9,9a,10-hexahydroanthracene  (lie)  to  5- methoxy- 1,4-di- 
hydroanthraquinone  (VIb).  To  0,3  g  of  adduct  (lie)  in  3  ml  of  alcohol  was  added  0.5  ml  of  10%  alcohol  solution 
of  NaOH  and  the  solution  acidified  to  Congo  with  10%HC1,  To  the  suspension  of  hydroquinone  obtained  was 
added  3  ml  of  a  saturated  solution  of  FeCls,  and  the  mixture  heated  to  boiling.  On  cooling,  the  precipitate  was 
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removed  by  filtration  and  washed  with  alcohol  and  ether.  The  yield  of  dihydroanthraquinone  (Vlb)  was  practical¬ 
ly  quantitative,  and  the  m.p.  186-187*  (from  alcohol). 

.  Found  %  C  75.00;  H  4.97.  CigHoQ,. 

Calculated  C  74.99;  H  5.03. 

c.  Oxidation  of  9,10-diketo-5-methoxy-l ,4,4a,9,9a,10-hexahydroanthracene  (lie)  to  1-methoxyanthra- 
quinone  (VUb).  Air,  freed  from  COi,  was  passed  for  5  hours  through  a  suspension  of  3.3  g  of  adduct  (lie)  in  30  ml 
of  a  2%  alcohol  solution  of  KOH.  The  precipitate  was  collected  by  filtration  and  washed  with  water  and  alcohol. 

The  yield  of  quinone  (Vllb)  was  0.25  g  (85%)  and  the  m.p.  171*  (from  alcohol)  (cf.  [10]). 

d.  Oxidation  of  9 ,10-diketo-2- methoxy-1 ,4,4a,9,9a,10-hexahydroanthracene  (lib)  to  2- methoxyanthra- 
quinone  (Vila)  was  carried  out  as  described  in  experiment  2c.  The  yield  of  quinone  (Vllb)  was  88%,  and  the  m.p. 
196*  (from  alcohol)  (cf.  [11]). 

e.  Oxidation  of  9.10-diketo-3.5-dimethoxy-l,4,4a,9,9a.l0-hexahydroanthracene  (lie)  to  1.7-dimethoxy- 
anthra quinone  (Vile)  was  carried  out  as  described  in  experiment  2c.  The  yield  of  quinone  (VUc)  was  90%,  and 
the  m.p.  192.5*  (from  alcohol)  (cf.  [12]). 

0.25  g  of  this  dimethoxyanthraquinone  was  stirred  for  30  min  at  160*  with  10  ml  of  78%  HjSO^,  the  solution 
poured  into  water,  and  the  precipitate  collected  by  filtration.  The  yield  of  1 ,7-dihydroxyanthraquinone  (Vile) 
was  0.18  g  (80%).  After  extraction  with  hot  anhydrous  benzene  and  recrystal Uzation  from  alcohol,  the  substance 
had  m.p.  293-294*  (in  a  sealed  capillary)  (cf.  [13]).  To  30  mg  of  this  compound  in  0.4  ml  of  AcsO  was  added 
0.01  ml  of  cone.  H2SO4,  the  mixture  boiled  for  2  min,  and  the  precipitate  of  1 ,7-diacetoxyanthraquinone  col¬ 
lected  by  filtration.  The  yield  was  35  mg  (86%)  and  m.p.  197-198*  (from  glacial  AcOH)  (cf.  [13]),  The  dihydroxy- 
anthraquinone  and  its  diacetyl  derivative  obtained  did  not  depress  the  melting  points  when  mixed  with  1, 7-dihy¬ 
droxy  anthraquinone  and  its  diacetate,  synthesized  from  m-hydroxybenzoic  acid  [4]. 

f.  Oxidation  of  9,10-diketo-2,5-diniethoxy-l,4,4a,9,9a,10-hexahydroanthracene  (nf)  to  1,6-dimethoxyantlu'a- 
quinone  (Vlld)  was  carried  out  as  described  in  Experiment  2c.  The  yield  of  quinone  (Vlld)  was  86%,  and  the  m.p. 
189.5-190*  (from  alcohol)  (cf,  [12]),  The  product  was  hydrolyzed,  and  its  diacetate  prepared  under  the  conditions 

of  Experiment  2e.  The  yield  of  1 ,6-dihydroxyanthraquinone  (Vllf)  was  89%,  and  the  m.p,  281-282*  (in  a  sealed 
capillary);  the  yield  of  1,6-diacctoxyanthraquinone  was  90%,  and  the  m.p.  204-205*  (from  glacial  AcOH)(cf, 

[13]).  The  dihydroxyanthraquinone  and  its  diacetyl  derivative  obtained  did  not  depress  the  melting  points  of 
1,7-dihydtoxyanthraquinone  and  its  diacetate,  synthesized  from  m-hydroxybenzoic  acid  [4], 

3.  Preparation  of  Glycols  of  Type  (VIII).  General  Method. 

A  solution  of  0.02  mole  of  adduct  (II)  in  10-15  times  the  amount  of  anhydrous  benzene  was  gradually  added 
with  stirring  at  5-7*  to  a  solution  of  methylmagnesium  iodide,  prepared  from  0,1  g-atm.  of  Mg,  0,105  mole  of 
CH3I  and  25  ml  of  anhydrous  ether.  The  reaction  mixture  was  stirred  without  cooling  for  a  further  3-5  hours,  and 
decomposed  by  pouring  into  a  stirred  mixture  of  crushed  ice  and  125  ml  of  1  N  HCl  [in  the  case  of  adducts  (Ilb) 
and  (lie),  125  ml  of  1  N  AcOH  was  used].  The  aqueous  solution  was  extracted  with  ether  and  ethyl  acetate,  the 
combined  extract  washed  with  water,  3-4  times  with  a  3%  solution  of  NaHC03,  and  again  with  water,  rapidly  dried 
with  Na2S04,  and  evaporated  to  small  volume  in  vacuum,  and  if  crystallization  did  not  begin  spontaneously,  the 
solution  was  cooled  and  rubbed  with  some  solvent  (usually  ether), 

a.  9. lO-Dihydroxy-9, 10-dimethyl- 1,4 ,4a ,9 ,9a ,10-hexahydroanthracene  (Villa)  was  obtained  from  adduct 
(Ila)  [9]  In  the  form  of  two  stereoisomers.  One  of  these,  formed  in  46%  yield,  had  m.p,  124-125*  (from  benzene), 
Xmax  2^2  mfi  (Ig  €  2.32), 

Found  %;  C  78,37;  H  8.01;  ^16^2002. 

Calculated  %;  C  78.65;  H  8.25;  2Hact  0.82. 

The  second  stereoisomer,  formed  in  22%  yield,  had  m.p,  115-117*  (from  benzene)  and  Xj^^x  254  mp  (Ig  € 

2.51). 


Found  %:  C  78.21;  H  8.12.  Hact  0.78.  Ci6H2o02. 
Calculated  %  C  78.65;  H  8.25;  2Hact  0.82. 
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from  adduce  (lib)  Jn  40*?^  yield. 

M.p.  171-172*  (from  methanol),  237  and  262  mji  (lg€  1,75  and  2,29). 

Found  C  74,50;  H  8.12;  Hact  0,55,  C^yH^Os* 

Calculated  %  C  74.42;  H  8.08;  2Hact  0«74. 

c,  5-Methoxy-9 ,10-dlhydroxy-9 .10-dlmethyl-l  .4.4a ,9 ,9a ,10-hexahydroanthracene  (Vnic)  was  obtained 
from  adduct  (He)  in  49‘5fc  yield. 

M.p.  139-140*  (from  50'^b  alcohol),  272  and  279  m^i  (Ig  €  3.22  and  3.22), 

Found  %  C  74.30;  H  8.12;  Hact  0,70.  CnHaO,. 

Calculated  C  74.42;  H  8.08;  2Hact  0.74. 


tained  from  adduct  (Ud)  in  56%  yield. 

M.p.  123-124*  (from  25% alcohol),  Xmax  276  and  283  mp  (Ig  €  3.20  and  3.19). 

Found  %:  C  70,99;  H  7.80,  C|gH2404. 

Calculated  %:  C  71,02;  H  7.95. 

4.  Preparation  of  Ketols  of  Type  (III)  and  (IX),  General  Method 

To  a  stirred  solution  of  0.05  mole  of  adduct  (n)  in  10-15  times  the  amount  of  anhydrous  benzene, cooled 
to  5-7*.  was  gradually  added  a  solution  of  methylmagnesium  iodide,  prepared  from  0.0625  g-at.  of  Mg,  0.065  mole 
of  CHsI,  and  25  ml  of  anhydrous  ether.  The  reaction  mixture  was  stirred  for  a  further  2-3  houn  and  treated  as 
described  in  general  method  3,  but  without  the  ethyl  acetate  extraction.  In  the  preparation  of  ketols  (lUd)  and 
(IXb),  the  reaction  was  carried  out  in  a  stream  of  Nj,  and  the  reaction  solution  worked  up  in  an  atmosphere  of  COt. 

a,  10-Keto-9-hydroxy-9- methyl- 1,4,4a ,9 .9a ,10-hexahydroanthracene  (Ma)  was  obtained  from  adduct 
(Ua)  in  70%  yield). 

M.p.  135-137*  (from  alcohol  with  charcoal),  X^iax  248  and  291  m/i  (Ig  €  3,95  and  3.28). 

Found  %;  C  79.24;  H  6.76;  Hact  0.47.  CuHnO*. 

Calculated  %:  C  78.92;  H  7.06;  IHact  0*44. 

During  the  purification  of  (DUa),  a  small  amount  of  1 ,4-dihydroanthraquinone  (Via)  with  m.p,  208-210* 

(from  ethyl  acetate)  (cf.  [9])  was  separated. 

b.  A  mixture  of  lO-keto-3-methoxy-  and  10-keto-2-methoxy-9-hydroxy-9-methyl-l,4,4a,9,9a,10-hexa- 
hydroanthracene  (Mb)  and  (IXa)  was  obtained  from  adduct  (lib)  in  the  form  of  a  red-brown  uncrystallizable  oil. 
After  the  usual  treatment,  only  the  residue  of  the  original  adduct  precipitated  from  it.  This  oil  was  hydrolyzed 
as  described  in  Experiment  6b,  and  the  diketo  alcohols  (IVa)  and  (xnia)  were  isolated. 

c.  10-Keto-5-methoxy-9  -hydroxy-9-methyl-l ,4,4a,9,9a.l0-hexahydroanthracene  (Me)  was  obtained 
from  adduct  (lie)  in  12%  yield. 

M.p.  194-196*  (from  50%  alcohol),  256  and  317  mp  (Ig  e  3,86  and  3.68). 

Found  %:  C  74.35;  H  7.11;  Hact  0.41.  CieHaOj. 

Calculated  %:  C  74,39;  H  7.02;  IHact  0.39, 

On  prolonged  standing,  the  mother  liquor  deposited  crystals  of  5-methoxy-l,4-dihydroanthraquinone  (VIb), 
described  in  Experiment  2b. 

d,  lO-Keto-3 .5"dimethoxy-9-hydroxj(^9- methyb^  1 ,4,43^9 ,9a ,10-hexahydroanthracene  (Illd)  was  obtained 
from  adduct  (lid)  in  14%  yield.  This  compound  usually  began  to  crystallize  even  while  its  ether-benzene  solu¬ 
tion  was  being  washed  and  dried  (it  was  eluted  from  Na2S04  with  CHCI3)  and  separated  completely  when  the  solu¬ 
tion  was  evaporated  to  approximately  V4  of  the  initial  volume. 
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M.p.  195-197*  (from  ethyl  acetate),  ^54  and  318  mp  (Ig  €  3,87  and  3,67), 

Found  "fe  C  71,09;  H  6.78;  Hact  0.33.  Cj7H2o04. 

Calculated  %  C  70.81;  H  6.99;  IHact  0.35. 

Further  evaporation  of  the  solution  yielded  the  isomeric  9-keto-3,5-dimethoxy-10-hydroxy-10-methyl- 
-1 ,4,4a ,9,9a, 10-hexahydroanthracene  (IXb).  The  yield  was  54%. 

M.p.  137.5-138.5*  (from  alcohol),  Xjj,ax  352  and  311  mp  (Ig  €  3.88  and  3.44), 

Found  %:  C  71.14;  H  7.05;  Hact  0.35.  C17H20O4. 

Calculated  %  C  70.81;  H  6.99;  IHact  0.35. 

On  prolonged  standing,  the  evaporated  solution  deposited  crystals  of  3,5-dimethoxy-l,4-dihydroanthraquin 
one  (Vic)  with  m.p.  172-173*  (from  alcohol). 

Found  %;  C  70.91;  H  5.12.  Ci8Hi404. 

Calculated  %:  C  71,09;  H  5,22. 

5.  Dehydration  of  Glycols  (VIII)  and  Ketols  (III)  and  (IX).  General  Method. 

To*  5  mmole  of  compound  (HI),  (VIII)  or  (IX)  in  10-30  times  the  amount  of  alcohol  was  added  an  equal 
volume  of  cone,  HCl  and  the  mixture  heated  at  60*  for  20-30  min  in  an  atmosphere  of  N2.  On  cooling,  the  pre¬ 
cipitate  of  the  dehydrated  compound  was  collected  by  filtration  and  washed  with  water  and  alcohol. 

a,  lO-Hydroxy-9- methyl- 1,4-dihydroanthracene  (Xa)  was  obtained  from  ketol  (Ilia)  in  83%  yield.  The 
m.p.  was  117-119*  (from  petroleum  ether);  the  substance  readily  changed  during  storage. 

Found  %;  C  85,43;  H  6.85;  H^ct  9.52,  C)kH|^0. 

Calculated  %:  C  85,68;  H  6.71;  IHact  0.48. 

The  acetyl  derivative  was  obtained  by  means  of  AC2O  +  H2SO4;  the  yield  was  80%,  and  the  m,p,  153-156* 
(from  alcohol). 

Found  %:  C  81.16;  H  6.37.  Ci7Hi60i. 

Calculated  %:  C  80,92;  H  6,39, 

The  methyl  ether  was  obtained  by  means  of  M€^S04  in  10%  NaOH;  the  yield  was  94%, 

M.p,  97-99*  (from  alcohol),  Xrnax  236,  299  and  297  mp  (Ig  c  4,65,  3,75,  and  3,79). 

Found  %:  C  85.64;  H  7.16.  CisHieO. 

Calculated  %?  C  85.68;  H  7.19. 

b,  5-Methoxy-10-hydroxy-9-methyl-l  ,4-dihydroanthracene  (Xb)  was  obtained  from  ketol  (lUc)  in  96% 
yield.  The  substance  did  not  dissolve  in  5%  NaOH. 

M.p.  115-116*  (from  heptane),  Xmax  241, 311,  324,  and  339  mp  (Ig  €  4,60,  3^8,  3.91,  and  3,93), 

Found  %:  C  80.20;  H  6.68;  Hact  0.40.  CigHigOi. 

Calculated  %;  C  79.97;  H  6.71;  IHgct  0.42. 

5-Methoxy-10-hydroxy-9-methyl-l,2,3,4-tetrahydroanthracene  (Xll)  was  obtained  by  hydrogenating  0,5  g 
of  (Xb)  in  25  ml  of  anhydrous  dioxane  in  the  presence  of  1  g  of  Raney  nickel  (20*,  1  atm  ).  The  yield  was  97%. 
The  substance  was  insoluble  in  5%  NaOH. 

M.p,  107.5-108*  (from  alcohol),  Xrnax  237  ,  312  ,  324,  and  339  mp  (Ig  e  4.55,  3.86,  3.89,  and  3.90), 
y  OH  ^425  cm"^  (8-methoxynaphthol-l  has  3431  cm”^). 

Found  %  C  79.33;  H  7.55;  Hact  0.40.  CigHjgOi. 

Calculated  %:  C  79.30;  H  7.49;  IHact  0.42. 
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c.  9, 10-Dimethyl- 1.4-dihydroanthracene  (Xc)  was  obtained  from  glycol  (Villa)  in  99'%  yield. 

M.p.  166-167*  (from  benzene).  ®  4,78,  3,53,  3,76,  and  3.80). 

Found  ‘fe  C  92.52;  H  7.63.  CjsHis. 

Calculated  '%i  C  92.26;  H  7.74. 

d.  5-Methoxy-9, 10-dimethyl- 1,4-dihydroanthracene  (Xd)  was  obtained  from  glycol  (VIllc)  in  90'%  yield. 

M.p.  115-115,5*  (from  benzene),  Xniax  241,  296  ,  306  ,  319,  and  333  mp  (Ig  €  4,59,  3.85,  3,92,  3,78,  and 

3.49). 

Found  '%:  C  85.21;  H  7.66.  CitHuO. 

Calculated  '%:  C  85,67;  H  7.61. 

e.  2-Keto-9.10-dimethyl-1.2.3,4-tetrahvdroanthracene  (XIa)  was  obtained  from  glycol  (Vlllb)  in  94'%  yield, 
M.p.  120-121*  (from  benzene),  Xmax  235  and  292  mp  (Ig  €  4.89  and  3,79). 

Found  '%:  C  85.70;  H  7.34.  CieHi«0. 

Calculated  %  C  85.68;  H  7.19. 

f.  3-Keto-5-methoxy-10-hvdroxy-9-methyl-l,2,3,4-tetrahydroanthracenene  (Xlb)  was  obtained  from 
ketol  (Illd)  in  93'%  yield.  The  substance  was  insoluble  in  5'%  NaOH. 

M.p.  138-140*  (from  50*^  alcohol  with  SnClj),  Xp,ax  237,  311,  324,  and  339  mp  (Ig  e  4.80,  3.85,  3.87, 
and  3.90),  i/qH  ®423  cm’*  (cf.Exp.  5b). 

Found  '%:  C  74.87;  H  6.32;  Hact  0*49.  CisHnOj. 

Calculated  '%:  C  74.98;  H  6.29;  IHact  0-39, 

g.  3-Keto-5-methoxy-9-hydroxy-10-methyl-l,2,3,4-tetrahydroanthracene  (XIc)  was  obtained  from  ketol 
(IXb)  in  95*5^  yield. 

M.p.  178-179*  (in  a  sealed  capillary)  (from  50‘5(>  alcohol  with  SnClj),  Xpjax  236  ,  309  ,  323,  and  338  mp 
(Ig  c  4,85,  3.88,  3.86,  and  3.81),  i^oH  3620  cm’*  (5-methoxynaphthol-l  has  uqh  3605  cm"*).  The  substance 
dissolved  readily  in  5'%  NaOH. 

Found  '%:  C  75.30;  H  6.19;  Hact  9‘40.  CigHisCS. 

Calculated  '%:  C  74.98;  H  6.29;  IHact  0*39. 

h.  3-Keto-5-methoxv-9,10-dimethyl-l ,2,3,4-tetrahydroanthracene  (Xld)  was  obtained  from  glycol  (Vllld) 
in  96%  yield. 

M.p.  95-96*  (from  alcohol),  X max  239,  293,  306,  319,  and  333  mp  (Ig  €  4.72,  3.87,  3.91,  3.80,  and  3.57). 
Found  %:  C  80,52;  H  6,96.  C17H111O2. 

Calculated  %:  C  80.28;  H  7.13. 

6^ _ Enol  Ethers  (II),  (III),  (VIII),  and  (IX).  General  Method, 

A.  A  solution  or  a  suspension  of  1  g  of  the  enol  ether  in  100  ml  of  ether  was  shaken  with  50  ml  of  0,3  N  HCl 
for  5  houn  at  20*.  The  ether  layer  was  separated  and  the  aqueous  solution  extracted  exhaustively  with  chloroform. 
The  combined  extracts  were  washed  with  NaHCOs  solution  and  water,  dried  over  Na2S04,  and  evaporated  in  vacuum, 

B,  To  a  solution  of  1  g  of  enol  ether  in  50  ml  of  alcohol  was  added  25  ml  of  0,1  N  HCl  [the  hydrolysis  of 
(lUd)  required  twice  the  amount  of  alcohol  and  0,1  N  HCl]  and  the  mixture  heated  for  4  hours  at  40*.  The  cooled 
solution  was  neutralized  with  a  slight  excess  of  NaHCOs,  evaporated  to  dryness  in  vacuum,  and  the  dry  residue  ex¬ 
tracted  with  hot  ethyl  acetate  to  give  the  ketone. 
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tained  from  ketol  (IXb)  by  Method  B  in  90*^  yield. 

M.p,  159-161*  (from  50%  alcohol),  Xmax  222,  255,  and  313  mp  (Ig  €  4,21,  3,91,  and  3.51). 

Found  %;  C  69.95;  H  6.71;  Ha^t  0-43*  Ci8Ha04. 

Calculated  %s  C  70.05;  H  6.61;  IHact  0*37. 

e.  2-KetO“9,10-dlhydroxy-9,10-dimethyl-l,2.3,4,4a,9,9a,10-octahydroanthracene  (XlVa)  was  obtained 
from  glycol  (Vnib)  by  Method  A  in  55%  yield  [about  10%  of  the  dehydrated  ketone  (XIa)  was  formed  simultan¬ 
eously].  When  the  reaction  was  carried  out  by  Method  B.  part  of  the  original  enol  ether  could  not  be  hydrolyzed; 
after  recrystallization  and  a  second  hydrolysis  of  the  substance  remaining  in  the  mother  liquor,  the  total  yield  of 
dihydroxyketone  (XlVa)  was  78%, 

M.p.  137-139*  (from  benzene),  221,  239,  and  261  mp  (Ig  c  2,15,  1.91,  and  2.01). 
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Found  C  73^6;  H  8.01;  0,79,  ^16^20^* 

Calculated  C  73.82;  H  7.74;  2Hact  0.77. 

Semlcarbazone;  m.p.  221-222*  (with  decomp.)  (from  alcohol). 

Found  %  C  64.22;  H  7.20.  CitHjjQsNj. 

Calculated  ‘fe  C  64,33;  H  7,30. 

f,  3-Keto-5- methoxy-9 ,10-dlhydroxy-9 ,10-dlmethyl- 1 ,2,3 ,4 ,4a ,9 .9a .lO-octahydroanthracene  (XlVb)  was 
obtained  from  glycol  (Vllld)  by  Method  B  in  62®^  yield. 

M.p.  193-194*  (from  50‘5()  alcohol),  X^ax  218  and  278  mp  (Ig  €  3.78  and  3.22). 

Found  %  C  70.36;  H  7.70.  C17H22O4. 

Calculated  “fe  C  70,32;  H  7.64. 


SUMMARY 

Starting  from  naphthaquinones,  a  synthesis  was  achieved  of  tricyclic  compounds  of  type  (XV),  in  which  two 
rings  are  analogous  structurally  and  sterically  to  tings  D  and  C  of  natural  tetracyclines.  The  presence  in  the  third 
ring  of  type  (XV)  compounds  of  a  reactive  double  bond,  an  enol-ether  grouping  or  a  carbonyl  group  offers  the 
possibility  of  further  introduction  of  substituents  and  then  construction  of  the  fourth  ring  of  tetracyclines. 
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An  investigation  of  the  spectra  of  molecular  complexes  from  electron-donor  (AK)  and  electronophilic  (BK) 
components  [1-5]  led  to  the  following  conclusions. 

a.  The  longwave  maximum  of  molecular  complexes  of  the  type  [AK  +  BK],  where  BK  is  a  complex  electro¬ 
nophilic  chromophore,  formed  from  a  conjugated  jt -electron  system  (K),  conjugated  with  a  strong  electronophilic 
chromophore  B,  for  example  NOi  or  C  =  N^,  and  AK  is  a  complex  electron-donor  chromophore,  formed  from  K, 
conjugated  with  a  strong  electron-donor  chromophore  A,  for  example  NMe^,  may  lie  extremely  close  to  the  maxi¬ 
mum  of  the  corresponding  dye  with  the  conjugated  structure  of  the  cochromophore  [6]  B— K— A,  in  which  the  sys¬ 
tems  BK  and  AK  are  superimposed  one  on  the  other.  The  X^pax  of  the  complex  may  even  be  displaced  bathochro- 
mically.  Thus,  for  example,  429  mp  (in  nitrobenzene)  was  found  for  (II),  while  only  396  mp  (in  pyridine)  [3] 
and  390  mp  (in  alcohol)  were  found  for  (I). 


(I)  OaN 


(II) 


B  —  K  “  A  X  max  390  mp  in 
alcohol,  396  mp  in  pyridine 


02N-< 


-NMe.> 


(III) 


BJT  AK 

[BK^AK]  Xmax  ^^9  mp  in  nitrobenzene 

AK _ 

4- 


J- 


b’.t 


(IV) 


BK 

B  —  K—  A  Xmax  ^^5  mp  in  MeOH,  491  mp 
in  water 

'\An-Yh=c»-C 

(AK)  Xmax  393  nip 

■max  MeOH 


J- 


Me, 


(VI)  [(IV)-|-(V))  BK -\- AK  \BK  AK]  ^rnax  305  mp  in  alcohol 


•The  arc  conjugation  symbol  ('^)  designates  a  partial  ir-bond,  in  this  case  an  exo-p-bond  [1]. 
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For  complex  (VI)  of  2-styrylquinolinium  iodide  (IV)  with  2-(p-dimethylaininostyryI)-quinoline  (V),  a  Xrnax 
in  alcohol  of  505  mfi  was  found,  while  for  the  corresponding  dye,  2'-(p-dimethyIaminostyryl)-quinolium  iodide 
(III),  Xffiax  was  525  mfi  in  methanol  and  491  mfi  in  water  [4b]. 

b.  In  a  series  of  cases,  complexes  of  the  type  [AK  +  BK]  are  more  stable  when  the  electron  donor  A  andelec- 
tronophillc  B  properties  are  intensified,  and  when  the  area  of  the  cyclic  conjugated  ir -electron  system  K  is  in¬ 
creased.  Thus,  the  capacity  for  complex  formation  of  quinoline  derivatives  is  greater  than  that  of  pyridine  deriva¬ 
tives  [4,5].  On  the  basis  of  point  b,  one  would  expect  that  the  stability  of  complexes  formed  from  components 
with  an  acridine  nucleus  would  be  greater  than  that  of  those  from  components  with  a  quinoline  nucleus.  A  study 
of  the  spectra  of  complexes  of  type  (X)  from  lO-ethyl-9-methylacridlnium  iodide  (BK,  Vn)  and  9-(p-dimethyl- 
aminostyryl)- acridine  (AK,  Vni)  confirmed  our  hypothesis  (Tables  1  and  2  and  Figs.  1  and  2). 


B—K  —  A 

R  =  Et,  X  =  J  X  tnax  niii 
R  =  H,  X  =  Cl  X  jnax 

On  the  other  hand,  the  observation  made  in  point  A  was  also  confirmed;  the  longwave  maximum  of  com¬ 
plex  (X)  (610  mfi )  lies  in  the  region  of  the  maximum,  corresponding  to  the  dye  with  the  conjugated  B— K— A 
chromophore  system  (IX)  (616  mfi ). 

The  absorption  maximum  for  the  dye  hydrochloride  (IX,  R  =  H,  X  =  Cl)  (Table  1,  No.  8)  was  determined  by 
a  spectroscopic  examination  of  a  solution  of  AK(Vn)  in  0.01  N  HCl  in  alcohol:  (614  mfi  ,  Cmax  29810).  It  al¬ 
most  coincides  with  Xtnax  616  mfi  for  the  ethiodide  (IX,  R  =  Et,  X  =  I)  (Table  1,  Nos.  10  and  8).  A  fall  in  Cmax 
was  observed  for  a  solution  of  AK  (VIII)  in  0.1  N  HCl  in  alcohol  solution,  and  this  may  be  due  to  the  addition  of 
HCl  to  the  NMej  group  also  at  high  HCl  concentrations  (Tablel,  No,  9).* 

Solutions  of  the  starting  components  were  orange  and  light  yellow  in  color  (Table  1,  Nos.  1  and  2,  respec¬ 
tively).  Solution  No.  3,  an  equimolecular  mixture  of  the  components,  was  deep  blue  in  color  with  c  10~*,  which 
indicated  the  formation  of  a  complex  (X^iax  610  mfi).  At  c^lO  the  color  became  yellow-orange  due  to  a  dis¬ 
placement  in  the  AK  +  BK  5=s[AK'^BK]  equilibrium  toward  dissociation  when  the  solution  was  diluted.  At  the 
same  concentration,  and  with  excess  BK  component  (1AK:5BK)  (Table  1,  No.  4),  the  equilibrium  was  displaced 
toward  the  complex  and  the  color  again  became  bright  blue,  but  not  as  bright  as  the  color  of  solution  No.  3  with 
c  10“’.  However,  despite  the  excess  BK  component,  on  diluting  solution  No,  4  to  10“®,  the  blue  color  and  the 
complex,  maximum  at  610  mfi  disappeared  and  the  maximum  lay  close  to  that  calculated  for  the  sum  of  the  com¬ 
ponents  (Nos.  6a  and  20). 

lO-Benzyl-9-Me-acridinium  chloride  (Table  1,  No.  11)  has  a  lower  capacity  for  forming  the  orange  com¬ 
plex  than  methiodide  (VII),  although  solution  No.  12  at  c  10”^  was  dark  green  and  had  Xniax  610  mfi,  but  its 
Cmax  considerably  smaller  than  the  €max  solution  No,  3,  which  indicates  strong  dissociation  of  the  com¬ 
plex  (Table  1,  Nos.  11-13). 


•A  certain  fall  in  c^nax  ^  considerable  hypsochromic  shift  in  X^nax  ^  6^  observed  for  a 

solution  of  (VII)  in  glacial  acetic  acid  (Table  1,  No,  7),although  the  solution  had  a  deep  blue  color.  This  was 
probably  due  not  only  to  salt  formation  at  the  NMej  group,but  also  to  dissociation  of  the  acetate,  as  well. 
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Fig.  1,  (The  numbers  in  brackets  refer  to  Table  1.)  1)  [9-(p-MejN-styryl)-acridine  +  (lO-Et-9-Me- 
-acridinium)]  I,  ratio  of  1AK:1BK,  10“’  m  (No,  3);  2)  [9-(p-Me2N-stytyl)- acridine  +  (lO-Et-9-Me- 
-acridinium)]  I,  ratio  of  1AK:5BK,  10"^  m  (No,  4);  3)  [9-(p-Me2N-styryl)-acridine  +  (lO-Et-9-Me- 
-acridinium)]  I,  ratio  of  1AK:5BK.  10"*  m  (No.  5);  4)  [9-(p-Me2N-styryl>- acridine  +  (lO-Et-9-Me- 
-acridinium)]  I,  ratio  of  1AK:5BK,  10"’  m  ;  5)  [9-(p-Me2N-styryl)-acrldine]ln  alcohoi,  10"’  m 
(No.  1);  6)  [lO-Et-9-Me-acridinlum]  I  in  alcohol,  10"’ m  (No.  2);  7)  [9-(p-Me2N-styryl)- acri¬ 
dine +(10-Et-9-Me-acridinium)]  I,  ratio  of  1AK:1BK,  10"’  m  calculated  (No,  6). 


The  spectra  of  solutions  of  AK  (VIII)  and  lO-ethyl-9-styrylacridinium  iodide  (BK)  are  compared  in  Table  2 
and  Fig.  2.  We  see  that  Cmax  of  solution  No.  15  (Table  2)  is  slightly  higher  than  that  of  No.  3  (Table  1).  The 
curve  of  lO-Et-9-styrylacridinium  iodide  has  a  band  at  A  max  oifi  with  a  very  weak  intensity  (Cniax'^)*  ff 
is  not  caused  by  impurities  in  the  preparation  (as  noted  in  Table  2  by  brackets  and  question  mark),  then  its  ap¬ 
pearance  may  be  explained  by  the  isomerization  of  the  iodide  to  a  pseudosalt  and  the  formation  of  a  complex  of 
the  pseudosalt  and  acridinlum  iodide  [5],  This  problem  will  be  examined  in  greater  detail  in  another  report. 

If  .the  styryl  radical  (9-C6H^H=CH— )  were  introduced  into  the  acridinlum  component  BK  instead  of  9— CHs, 
one  would  expect  an  increase  in  the  stability  of  the  complex  due  to  the  increase  in  the  x -electron  system.  How¬ 
ever,  the  stability  of  the  complex  with  lO-ethyl-9-styrylacridinium  iodide  in  solution  No.  17  (Table  2)  was  less 
than  that  of  No,  12,  as  can  be  seen  from  the  position  of  A  (590  mp )  and  the  considerable  decrease  in  Cniax 
(only  3140)  at  c  10"\  ^max  solution  No,  16  at  c  2,5  •  10“\ 

The  surprising  similarity  of  X^ax  solutions  of  dye  (IX)  and  of  the  [AK  +  BK]  complex  requires  care 

in  connection  with  the  conclusion  in  point  a  and  necessitates  consideration  of  other  possible  causes.  First,  the 
problem  arises  as  to  whether  the  maximum  at  610  mp  and  the  blue  color  in  solutions  Nos,  3  and  4  (Table  1)  is 
caused  by  alcoholysis  of  the  acridinlum  salt  (VII)  [AcrJX  +  CjHsOH  ^AcrOCjHs  +  HX  followed  by  the  addition 
of  H.X  to  p-dimethylaminostyrylacridine  (VIII),  However,  this  possibility  should  be  rejected  on  the  following 
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Fig,  2,  (The  numbers  in  brackets  refer  to  Table  2,).  l)  [9-(p-MejN-styryl)-acridine  +  (lO-Et-9- 
-styrylacridinium)]  I,  ratio  of  1AK:1BK,  10~*  m  (No.  15);  2)  [9-(p-Me2N-styryl)-acridine  +  (10- 
-Et-9-styrylacridinium)]  I,  ratio  of  1  AK:1BK,  2,5  •  10“^  m  (No.  16);  3)  [9-(p-Me2N-styryl)-  acri- 
dlne  +  (10-Et-9-styrylacridinium)]  I,  ratio  of  1AK:1BK,  10~®  m  (No,  18);  4)  9-(p-Me2N-styryl)- 
-acridine  In  alcohol,  lO"®  m  (No.  l);  5)  [lO-Et-9-styrylacridinium]  I  (No.  14);  6)  9-(p-Me2N- 
-styryl)- acridine  +  [(lO-Et-9-styrylacridinium)]  I,  ratio  of  1AK;1BK,  10"*  m  calculated  (No.  20), 


grounds,  (a)  While  the  blue  color  of  dye  salts  still  remains  when  the  salts  are  diluted,  on  dilution  of  solutions 
Nos.  3  and  4,  the  blue,  and  even  the  green  color,  disappears  at  c  10"®,  even  when  there  is  a  fivefold  excess  of 
the  BK  component  (1AK;5BK)  (Table  1,  No.  5,  Fig,  l).  (b)  The  blue  color  of  solutions  Nos.  3  and  4  disappears 
even  when  several  drops  of  water  are  added  to  the  solution,  (c)  According  to  L,  D.  Vishnevskii's  observations  [5], 
the  band  in  the  region  of  600-616  m/i  (X  max  605  mp )  is  present  in  the  spectrum  of  solutions  of  acridinium  salts 
of  (BK)  with  AK  (VIII)  as  well  as  in  carefully  purified  chloroform,  when  alcoholysis  is  impossible.*  (d)  Quinol- 
inium  salts  are  capable  of  forming  colored  solutions  with  diphenylamine  [1,4,8]  and  with  p-dimethylaminoacetanil- 
ide  [4a]  as  well,  i,e.,  compounds  which  are  incapable  of  forming  halochromic  salts.  The  complex  of  benzyl- 
quinolinium  chloride  with  diphenylamine  was  isolated  even  in  the  form  of  crystals  [8, 4a].  According  to  P.  A, 
Solodkov’s  observations,  the  large  ruby-red  complex  crystals  are  particularly  readily  Isolated  from  amyl  alcohol. 

Secondly,  another  reason  is  also  possible:  the  formation  of  orange  halochromic  salts  from  (VIII)  could  occur 
as  a  result  of  peralkylation  with  transfer  of  the  alkyl  from  the  alkylacridinium  salt  (VII).  However,  a)  the  solu¬ 
tions  were  prepared  for  spectroscopic  examination  by  mixing  in  the  cold,  separately  prepared  solutions  of  AK  and 
BK  components;  the  solution  of  the  component  mixture  was  examined  spectroscopically  as  soon  as  possible  after 
preparation;  b)  alkyl  exchange  is  also  improbable,  as  both  components  are  acridinic. 

Thus,  a  new  example  confirms  the  fact  established  previously,  that  the  excitation  energy  and  absorption 


•  N.  A,  Kitrosskii  observed  that  analogous  complexes  were  also  formed  in  dichloroethane. 
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TABLE  1* 


Solu"] 
tion  1 
No. 

Structure 

Component  ratio 
(moles) 

Con- 

centra 

tion 

(M) 

^max 

^^max 
relative  u 

No.  1 

^max 

1 

9  -  (p-  Me.N-  sty  ry  1 )-  acridine 
lO-Et-9-Me-acrldlnlum  I 

(VIII)  AK 

lira 

434 

0 

12500 

2 

(VII)  BK 

10-3 

358 

— 

16630 

3 

iAK-{-BK\  (X) 

\AK : \BK 

10-3 

610 

+176 

18680 

4 

[/I  K  4- jin  excess  of  BK 

iAK  :  bBK 

iir^ 

610 

+176 

22860 

5 

\AK  4-  fl/fjin  excess  of  fi/f 

\AK  :  bBK 

10-5 

~570 

--+136 

—258 

417 

—  17 

13750 

h 

\AK-\-BK\  calc. 

iAK : \BK 

10-3 

430 

—  4 

14360 

6u 

[AK  4-  BK\  calc. 

iAK  :  iBK 

10-* 

420 

11500 

7 

9-(p-Me*N“Styryl)- acridine  in 
glacial  CH3COOII 

9 -(p-Me2N-styrylj- acridine  in 

(VIII,  R  =  H) 

X  =  CH3G00-) 

10-3 

588 

+154 

20820 

8 

(VIII,  R  =  H, 

10-3 

614 

+180 

29810 

0.01  N  HCl  in  Eton 

X  =  C1) 

356 

— 

20940 

9 

The  same  in  0.1  N  HCl  in  EtOH 

The  same 

10-3 

614 

+180 

18700 

426 

— 

7680 

358 

— 

23960 

10 

10-Et-9-(p-Me*N-styryl)- 
-acridinlum  Iodide 

(IX,  R  =  Et,  X  =  I) 

10-3 

616 

442 

+182 

11 

lO-Benzyl-9-Me-acridlnlum 

BK' 

10-3 

386 

— 

4750 

chloride 

352 

— 

18000 

12 

{AK-{-BW\ 

iAK  :  IBK' 

!()-♦ 

610 

+176 

8180 

434 

— 

115(X) 

13 

{AK  -f-  BK')  calc. 

iAK  :  IBK' 

!()-< 

420 

— 

12780 

TABLE  2 


Solution 

No. 

Structure 

Component  ratio 
(moles) 

^max 

- 

0 

E  « 

e 

max 

tion  (M) 

1 

'  '  .  1 

9-(p-  MejN-styryl+ 

(VIII)  ylK 

10-3 

434 

0 

12500 

acridine 

14 

lO-Et-9-styryl- 

BK" 

10-3 

(620)? 

(7l 

acridinium  iodide 

385 

8820 

358 

15000 

15 

(^K  +  BK"1 

iAK  :  IBB" 

10-3 

610 

+176 

20330 

16 

The  same 

iAK  :  IBK" 

2.5 . 10-« 

610 

+176 

5550 

17 

m  m 

iAK  :  IBK" 

io-< 

590 

+156 

3140 

360 

26400 

18 

iAK  :  IBK" 

10-5 

3‘M) 

13210 

19 

m  m 

iAK  :  IBK" 

io-« 

370 

60(X) 

20 

"  "  calc. 

iAK  .  iBK" 

2.5  •  10-« 

430 

23530 

360 

246(X) 

region,  produced  as  a  result  of  exomolecular  interaction  in  complexes  of  the  *donor~ acceptor"  type  [BK  +  AK], 
may,  in  certain  cases,  lie  very  close  to  the  excitation  energy  in  conjugated  compounds  of  the  B— K— A  type,  i.e„ 
in  a  conjugated  system  as  a  result  of  endomolecular  interaction.  The  investigations  have  broadened  our  ideas  on 
types  of  electron  bonds.  In  1939,  Izmail'skii  [2]  had  put  forward  the  idea  of  a  particular  form  of  partial  ir -electron 
bond  in  the  absence  of  a  o-bond  (exo-bond). 

Crystallochemistry  has  shown  that  association  between  molecules  of  similar  complexes  occurs  through  layer 
association  between  flat  molecules,  lying  in  parallel  planes.  The  partial  tr-bond  between  molecules  forms  per¬ 
pendicularly  to  the  planes  of  the  associated  molecules.  We  imagine  it  as  a  force  acting  along  the  axis  of  the  ir- 
electron  cloud  function  of  the  molecules,  lying  in  parallel  or  almost  parallel  planes.  It  has  been  proposed  that 
such  a  bond  should  be  denoted  as  an  "exo-p-bond"  [1]  in  contrast  to  the  exo-ff-bond,  which  is  found  in  benzene, 
for  example,  as  a  Dewar  1,4- bond  or  in  anthracene  as  a  9,10-meso-bond  [1],  A  necessary  condition  for  the  forma¬ 
tion  of  an  exo-p-bond  is  a  large  difference  in  the  extent  of  the  electrophilic  character*  of  the  components  form¬ 
ing  the  complex. 


•  Me  denotes  CH3  and  Et,  C2H5.  All  the  solutions  were  in  alcohol. 

•  •The  term  "extent  of  electrophilic  character"  seems  to  us  more  appropriate  than  the  term  "extent  of  electro¬ 
negative  character,"  for  a  number  of  reasons. 
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EXPERIMENTAL 


lO-Ethyl-9-methylacridlnium  iodide  (Vn)  was  prepared  from  9-methylacridine  [9],  To  a  solution  of  19.3  g 
(0,1  mole)  of  mesomethylacridlne  in  100  ml  of  alcohol  was  added  20  ml  of  ethyl  iodide  (about  30‘5()  excess).  The 
mixture  was  boiled  under  reflux  for  20  hours.  The  brick-red  precipitate,  which  formed  on  cooling,  was  collected 
by  filtration  and  washed  with  ether.  After  drying  (80-100*),  the  yield  was  20,1  g  (43‘5!j),  The  filtrate  was  heated 
for  12  hours  after  the  addition  of  5  ml  of  ethyl  iodide.  On  the  following  day,  the  precipitate  was  collected, 
waslied,  and  dried;  we  obtained  5,9  g  (12,6‘Jl)),  The  total  yield  was  about  55-56*^.  The  product  was  recrystallized 
from  alcohol.  The  orange-yellow  crystals  had  m,p.  250-251*. 

Found  %  N  4.20.  CieHigNI. 

Calculated  N  4.01. 

lO-Benzyl-9-methylacridinium  chloride.  To  a  solution  of  9.65  g  (0,05  mole)  of  mesomethylacridlne  in 
100  ml  of  alcohol  was  added  8  ml  (0,06  mole)  of  benzyl  chloride.  The  mixture  was  heated  on  a  water  bath  under 
reflux  for  25  hours.  After  cooling  in  ice,  the  precipitate  was  collected  by  filtration,  washed  with  ether,  and  dried 
at  100-110*.  The  yield  was  6.7  g  (m.p.  271-272*).  The  addition  of  50  ml  of  ether  to  the  filtrate  yielded  a  further 

l. 9  g  of  product.  The  total  yield  was  about  5470.  After  four  recrystallizations  from  alcohol,  the  product  was  ob¬ 
tained  as  greenish  yellow  needles  with  m.p.  282*. 

Found  °k  N  4.76.  CiiHjgNCl. 

Calculated  7o:  N  4.38. 

9-[p-Dimethylaminostyryl]- acridine  (Vin).  7,72  g  (0,04  mole  of  meso-methylacridine  and  7,75  g  (0,05 
mole)  of  p-dimethylaminobenzaldehyde  in  acetic  anhydride  were  boiled  for  10  minutes  under  reflux.  The  mass, 
which  thickened  on  cooling,  was  poured  into  a  porcelain  dish.  Soda  solution  was  added  until  the  reaction  was 
weakly  alkaline.  The  precipitate  was  collected  by  filtration  and  washed  with  soda  solution.  The  precipitate  was 
heated  with  alcohol  4  times.  On  cooling,  only  a  small  amount  of  crystals  (m.p,  244*)  precipitated  from  the  fil¬ 
trates.  The  orange-yellow  residue  remaining  after  the  fourth  treatment  with  alcohol  was  dried  in  air  and  had 

m. p.  248*.  The  total  yield  was  about  647j. 

Found  T*:  N  8,68.  C23H2oN2. 

Calculated  7?  N  8,64, 

9-Stvrvlacridine  and  lO-ethvl-9-stvrylacridinium  iodide.  These  compounds  were  prepared  by  the  method 
developed  in  our  laboratory  by  P.  A.  Solodkov  for  the  preparation  of  styryl  derivatives  from  2- methyl-  and  4- 
-methylquinoline.  The  method  consisted  of  heating  methylquinolines  or  meso  methyl  acridine  with  the  azomethine 
obtained  by  the  interaction  of  aniline  with  benzaldehyde  (or,  correspondingly,  with  p-dimethylaminobenzaldehyde) 
in  acetic  anhydride, 

A  solution  of  3.86  g  (0.02  mole)  of  mesomethylacridlne  and  4.70  g  (0.025  mole)  of  benzalaniline  in  7  ml 
of  acetic  anhydride  was  heated  for  10  minutes  at  138-155*.  The  cooled  mass  was  poured  into  a  beaker  with  cold 
water.  A  soda  solution  was  added  to  an  alkaline  reaction  to  litmus.  The  pasty  mass  was  heated  to  boiling  with 
a  solution  of  hydrochloric  acid.  The  colorless  precipitate  of  the  hydrochloride  formed  was  collected  (m.p.  268  to 
270*)  and  recrystallized  from  pyridine  to  give  9-styrylacridine  with  m.p,  175*.  A  further  amount  of  styrylacridine 
could  be  isolated  from  the  filtrate  by  addition  of  soda  and  recrystallization  from  pyridine  (m.p.  175*),  The  yield 
was  about  2,6  g  (45,67>),  The  preparation  was  analyzed  as  the  ethiodide, 

9- Styrylacridine  was  heated  in  acetic  anhydride  with  ethyl  iodide  in  slight  excess  on  a  water  bath  under  re¬ 
flux  for  3.5  hours.  After  the  addition  of  alcohol,  the  mixture  was  heated  for  a  further  1,5  hours.  On  cooling,  the 
mixture  deposited  brick-red  crystals  of  lO-ethyl-9-styrylacridinium  iodide  (Table  2,  No.  14),  The  product  was 
recrystallized  from  alcohol.  It  had  m.p.  250*. 

Found  N  3.37.  C23H20NI. 

Calculated  7o:  N  3,20. 
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lO-Benzyl-9-styrylacridinlum  chloride  (BSA)  was  obtained  by  the  method  of  P,  A,  Solodkov  by  boiling  3,2  g 
of  the  chlorobenzylate  of  mesomethylacridine  and  2.41  g  of  benzalaniline  with  10  ml  of  acetic  anhydride.  After 
2  minutes,  the  whole  mass  in  the  flask  solidified.  When  it  was  cool,  10  ml  of  alcohol  was  added.  The  mass  was 
boiled  for  about  1  hour.  The  precipitate  was  collected  and  washed  with  alcohol.  After  two  recrystallizations  from 
alcohol,  the  product  had  m.p.  270*.  The  yield  was  3.5  g  (86%).  v 

In  alcohol  in  the  cold,  BSA  with  4-’(p-dimethylaminostyryl)- quinoline  gave  a  red-violet  solution,  which  co¬ 
incided  with  the  color  of  a  solution  of  4- (p-dimethy la minostyryl)- quinoline  hydrochloride.  A  solution  of  BSA 
with  2-(p-dimethylaminostyryl)-quinoline  gave  a  color  close  to  the  color,  but  with  a  slight  hypsochromic  shift. 
With  9-(p-dimethylaminostyryi)- acridine,  BSA  gave  a  blue-green  color,  while  the  chlorobenzylate  of  mesomethyl¬ 
acridine  with  the  same  AK  component  [9-(p-dimethylaminostyryl)-acridine]  gave  a  blue  color. 

10-Ethyl-9-(p-dimethylaminostyryl)-acridinium  iodide  (IX,  R  =  Et,  X  =  I).  This  substance  was  obtained  by 
heating  the  ethiodide  of  mesomethylacridine  with  p-dimethy  la  minobenzaldehyde  in  acetic  anhydride  for  4  hours. 
The  reaction  did  not  proceed  in  an  alcohol  medium  in  the  presence  of  piperidine.  The  product  was  recrystallized 
from  alcohol.  The  m.p.  was  310*. 


SUMMARY 

1.  A  study  was  made  of  the  absorption  spectra  of  alcohol  solutions  of  9-(p-dimethylaminostyryl)- acridine 
(electron-donor  chromophoric  AK  component)  with  10-ethyl-  and  lO-benzyl-9-methylacridinium  and  with  10-Et- 
-9-styrylacridinium  salts  (electrophilic  chromophoric  BK  component). 

2.  The  formation  of  a  new  absorption  region  with  Xmax  ^^9  mfi  as  a  result  of  interaction  of  the  com¬ 
ponents.  we  explained  by  the  formation  of  a  donor- acceptor  complex.  The  maximum  of  the  complex  lay  ex¬ 
tremely  close  to  Xj^ax  916  mp  ,  which  corresponds  to  a  dye  with  a  conjugated  chromophoric  system  of  the  B— K— A 
type.  From  a  number  of  observations,  the  phenomenon  of  alcoholysis  followed  by  addition  of  acid  to  the  AK  com¬ 
ponent  or  peralkylation  must  be  rejected  [for  example,  the  disappearance  of  X^ax  910  mp  on  dilution  of  solu¬ 
tions,  formation  of  a  complex  even  in  chloroform  (L.  D.  Vishnevskii),  in  dichloroethane  (N.  A.  Kitrosskii),  etc.]. 

3.  We  put  forward  the  hypothesis  that  complex  formation  is  achieved  as  a  result  of  layer  association  of  flat 
molecules  and  a  partial  ir -electron  bond  (exo- p-bond),  which  acts  perpendicularly  to  the  molecular  plane,  along 
the  axis  of  the  x  -electron  clouds. 

4.  As  a  result  of  the  increased  area  of  the  cyclic  conjugated  systems,  complexes  from  acridine  components 
are  more  stable  than  those  of  quinoline  and  pyridine  derivatives. 
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REACTIVITY  OF  a-,  0.  AND  y  -  C  H  LORO  A  L  K  Y  LSI  L  A  NE  CHLORIDES 
IN  THE  FRIEDEL-CRAFTS  REACTION 

E.  A.  Chernyshev  and  M.  E.  Dolgaya 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 
Original  article  submitted  May  27,  1958 


By  studying  the  Friedel-Crafts  reaction  with  various  a-,  fl-,  and  y -chloroalkylsilane  chlorides,  we  showed 
that  there  was  a  qualitative  difference  in  the  reactivity  of  these  chlorides  in  this  reaction  [IJ.  It  was  found  that 
chlorides  with  a  chlorine  atom  in  the  S-  and  y -positions  relative  to  the  silicon  atom  had  a  considerably  higher 
activity  than  the  a-chiorides;  as  a  rule,  replacement  of  a  chlorine  atom  at  the  silicon  in  chloroalkyltrlchloro- 
silanes  by  an  alkyl  radical  raises  the  reactivity  of  the  chloride  (for  example,  CHsSiClsCHjCl  is  more  active  than 
Cl,SiCH,Cl). 

In  the  present  article ,  we  report  a  quantitative  comparison  of  the  reactivities  of  the  chlorides  listed  above 
in  the  Friedel-Crafts  reaction.  The  reaction  rate  of  each  chloride  was  determined  from  the  rate  of  hydrogen  chlo¬ 
ride  liberation,  and  for  this  we  used  approximately  the  same  procedure  as  was  developed  by  Lebedev  [2]  for  a 
kinetic  study  of  the  alkylation  of  aromatic  compounds. 

The  experiments  were  carried  out  in  a  flask  of  250  ml  capacity,  fitted  with  a  stirrer  with  a  seal,  a  reflux 
condenser,  a  thermometer,  and  a  gas  inlet  tube  through  which  dry  nitrogen  was  passed  through  a  bubbler  into  the 
reaction  mixture  at  a  constant  rate  of  30  liters/ hour.  This  rate  was  found  to  be  optimal,  by  experiment.  At 
lower  rates,  the  hydrogen  chloride  liberated  was  not  flushed  out  completely  by  the  nitrogen,  and  the  results  were 
inaccurate.  The  nitrogen  was  first  passed  through  drying  bottles  with  sulfuric  acid  and  phosphorus  pentoxide.  Into 
the  flask  was  placed  1  mole  of  benzene  and  1.33  g  (0.01  mole)  of  freshly  sublimed  aluminum  chloride.  The 
temperature  of  the  reaction  mixture  was  raised  to  30*  and  0.1  mole  of  the  chloride  investigated  was  injected. 
During  the  experiment,  the  temperature  was  maintained  with  an  accuracy  of  ±  0.5*.  The  hydrogen  chloride  liber¬ 
ated  was  carried  through  the  reflux  condenser  by  the  nitrogen  and  trapped  by  a  titration  solution  of  alkali.  After 
every  10-30  sec,  the  amount  of  hydrogen  chloride  liberated  was  determined  by  back  titration.  As  a  rule,  the  re¬ 
action  was  complete  in  a  few  minutes. 

It  was  found  that  for  each  of  the  given  chlorides  under  the  chosen  reaction  conditions,  the  amount  of  hydro¬ 
gen  chloride  liberated  in  unit  time  was  a  certain  constant  (K  mole/  min.).  An  increase  in  the  amount  of  catalyst 
led  to  an  acceleration  of  the  reaction.  The  experimental  results  are  presented  in  Table  1 ,  where  benzene  was 
taken  as  the  aromatic  compound  in  all  experiments.  Each  constant  is  the  average  value  from  not  less  than  three 
experiments,  and  the  deviation  did  not  exceed  ±  b°]o. 

An  examination  of  the  data  obtained  shows  that  the  chloroalkylsilane  chlorides  with  the  chlorine  atom  in 
the  a -position  with  respect  to  the  silicon  atom  were  the  least  reactive  in  the  Friedel-Crafts  reaction.  The  reaction 
rate  with  ClsSiCHjCl  was  found  to  be  so  small  that  it  could  not  be  determined  at  30*.  The  reactivity  of  S-chloro- 
alkylsilanechlorides  was  considerably  higher  than  that  of  a-chlorides:  in  going  from  a-  to  fi -chlorides,  the  re¬ 
action  rate  increased  sharply  by  a  factor  of  approximately  17-25.  The  reaction  rates  with  y -chloroalkylsilane 
chlorides,  which  were  comparable  with  the  reaction  rates  of  the  analogous  3 -chloroalkylsilane  chlorides,  were 
found  to  be  higher  or  lower,  depending  on  the  number  of  chlorine  atoms  attached  to  the  silicon  atom.  Thus,  the 
reaction  rate  with  y -chloropropyltrichlorosilane  was  only  1.3  times  higher  than  that  with  6 -chloroethyltrichloro- 
silane.  However,  in  the  case  of  chloroalkylmethyldichlorosilanes,  the  opposite  picture  was  observed:  the  reaction 
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TABLE  1 


Chloroalkylsllane  chloride 

K  at  30*  (mole/ min) 

ClsSlCHaCI 

2.36  .  10-<* 

ClaSiCHjClljCI 

4.28  .  10-3 

CloSiCHjCHzClIaCl 

5.48  .  10-3 

CH3SiCl2CH2Cl 

3.67  .  !()-♦ 

CHgSiClaCHzCHaCI 

4.47  .  10-2 

CjHsSiCljCHzGIIaCl 

4.17  .  10-2 

CHaSiClaCllaCHaCHaCl 

6.72  •  10-3 

ChSiCHClCII., 

2.39  •  10-^ 

CjHsSiClzCHClCna 

2.96  .  10-« 

TABLE  2 


Chloroalkylsllane 

Aromatic 

K.10-3  at  30* 

chloride 

compound 

(mole /min) 

ClaSiCHaCHaCl 

C«H6 

CelUCl 

CgHsCHa 

4.28 

Cl^SiCHaCHaCl 

1.67 

ClgSiCUzCHaCl 

5.95 

rate  was  6.5  times  higher  for  B -chloroethylmethyldichlorosilane ,  CHsSiClsCHiCHsCl,  than  for  y -chloropropyl- 
methyldichlorosilane .  CKsSiCl^CHsCHiCHtCl. 

The  introduction  of  an  alkyl  radical  instead  of  a  chlorine  atom  at  the  silicon  atom,  i.e.,  replacement  of 
chloroalkyltrichlorosilane  by  chloroalkylalkyldichlorosilane,  as  a  rule,  led  to  an  increase  in  the  reaction  rate  by 
a  factor  of  1.2  to  2.  B -Chlorides  are  an  exception,  as  in  the  case  of  B -chloroethyltrichlorosilane  and  B-chloro- 
ethylalkyldichlorosilane ,  the  reaction  rate  for  the  second  was  approximately  10  times  higher,  and  the  introduc¬ 
tion  of  methyl  or  ethyl  led  to  identical  results. 

The  data  obtained  indicates  the  presence  of  a  considerable  negative  induction  effect  (—1)  in  trichlorosilyl 
and  alkyldichlorosilyl  groups.  These  groups,  which  are  electron  accepting,  decrease  the  capacity  of  the  C— Cl 
bond  for  polarization,  and  make  it  more  stable  to  the  action  of  electrophilic  reagents,  for  example,  aluminum 
chloride.  Naturally,  the  inductive  effect  of  these  groups  has  most  influence  on  a  C— Cl  bond  in  the  a -position 
with  respect  to  the  silicon.  In  going  to  B -chlorides,  the  action  of  the  inductive  effect  falls  sharply.  Its  effect  on 
y -chlorides  is  even  weaker,  but  still  exists, as  is  indicated  by  the  fact  that  the  introduction  of  an  alkyl  radical 
instead  of  a  chlorine  atom  at  the  silicon  (Cl3SiCH{CH2CH2Cl  and  CHsSiCljCHjCHjCHjCl)  increases  the  reaction 
rate  by  a  factor  of  1.2.  The  higher  reaction  rate  with  chloroalkylalkyldichlorosilanes,  as  compared  with  chloro- 
alkyltrichlorosilanes  indicates  the  stronger  electron- accepting  properties  of  the  ClsSi  group  as  compared  with  the 
RCl|Si  group.  In  addition,  the  results  obtained  lead  to  the  conclusion  that  the  reactivity  of  the  C— Cl  bond  of  B- 
-chloroalkylalkyldichlorosilanes  is  not  only  affected  by  the  induction  effect  of  the  RCljSi  group,  but  also  by  the 
effect  of  conjugation  of  the  Si—C  bond  with  the  C— Cl  bond.  Actually,  according  to  the  decrease  in  reactivity, 
the  chloroalkyltrichlorosilanes  may  be  arranged  in  the  series  y  >  B  >  a,  while  the  chloroalkylalkyldichlorosilanes 
are  in  the  series  B  >  y  >  a.  In  the  first  case,  the  conjugation  effect  is  almost  absent,  and  the  determining  factor 
is  practically  only  the  induction  effect,  while  in  the  second  case,  the  conjugation  effect  is  quite  great  and  is 
superimposed  on  the  induction  effect.  Consequently,  replacement  of  one  chlorine  atom  at  the  silicon  in  the 
ClsSi  group  by  an  alkyl  radical  leads  to  clear  manifestation  of  the  effect  of  conjugation  of  the  Si— C  bond  with 
the  C— Cl  bond  (Si  and  Cl  atoms  in  the  1,4- position). 

The  rates  of  evolution  of  hydrogen  chloride  in  the  reaction  of  B  -chlorc^thyltrlchlorosilane  with  toluene  and 
chlorobenzene  were  also  determined.  As  was  to  be  expected,  the  reaction  rate  with  toluene  was  higher,  and  that 
with  chlorobenzene  lower  than  with  benzene.  The  data  obtained  are  presented  in  Table  2. 
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SUMMARY 


1.  From  Che  rate  of  hydrogen  chloride  evolution,  a  comparative  quantitative  determination  was  made  of  the 
reactivities  of  a  >,  and  y -chloroalkylsilane  chlorides  in  the  Friedel-Crafts  reaction. 

2.  It  was  shown  that  the  reactivity  of  the  C— Cl  bond  of  chloroalkylsilane  chlorides  was  considerably  af¬ 
fected  by  the  negative  induction  effect  (—1)  of  the  ClsSi  and  RClsSi  groups,  with  the  effect  of  conjugation  of  the 
Si— C  and  C— Cl  bonds  superimposed  on  the  induction  effect  in  the  case  of  3 -chlorides. 

3.  The  magnitude  of  the  effect  of  conjugation  of  the  Si— C  and  the  C— Cl  bonds  in  3  -chlorides  depends  on 
the  character  of  the  radicals  or  atoms  connected  to  the  silicon,  and  decreases  considerably  when  the  alkyl  radicals 
are  replaced  by  chlorine  atoms. 
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SYNTHESIS  OF  1  ,4- P OL YIS OPRE N E  USING  ORGANOSODIUM 
COMPOUNDS  AND  TITANIUM  TETRACHLORIDE 


FORMATION  OF  HIGH-MELTING  POLYMERS  BY  THE  CATALYTIC  POLYMERIZATION 
OF  DIENES 

E.  N.  Kropacheva.  B.  A.  Dolgoplosk,  V.  F.  Otten  and  K.G.  Golodova 
S.  V.  Lebedev  All-Union  Synthetic  Rubber  Research  Institute 
Original  article  submitted  June  11,  1958 


It  is  known  that  the  polymerization  of  divinyl  and  isoprene  by  organosodium  compounds  forms  polymen  con¬ 
sisting  mainly  of  1,2  (for  polydivinyl)  and  3,4  and  1,2  (for  polyisoprene)  units.  Polymen  obtained  by  polymeriza¬ 
tion  of  divinyl  on  "Alfinov's  catalyst”  are  exceptions,  and  contain  up  to  80%  of  1,4  units  [1]. 

The  polymer  of  isoprene  obtained  with  "Alflnov's  catalyst"  contains  up  to  70%  of  1,4  units  [2].  In  recent 
years,  it  was  shown  possible  to  synthesize  regularly  formed  polymen  of  divinyl  and  isoprene  by  using  for  the  poly¬ 
merization  complexes  formed  by  the  interaction  of  alkylaluminums  and  titanium  tetrachloride  [3].  In  the  case  of 
organosodium  compounds,  this  type  of  complex  has  only  been  used  for  the  polymerization  of  ethylene  [4].  We 
showed  that  the  complexes  of  organosodium  compounds  with  titanium  tetrachloride  were  also  effective  in  the 
polymerization  of  dienes.  The  polymerization  of  isoprene  in  benzine  solution  at  room  temperature  in  the  presence 
of  isoamylsodlum  and  titanium  tetrachloride  in  equimolar  amounts  yielded  two  types  of  polymer:  a  benzine  sol¬ 
uble  elastomer  and  an  insoluble  amorphous  powder.  The  same  types  of  product  were  also  formed  in  the  polymeriza¬ 
tion  of  divinyl.  With  an  increase  in  the  ratio  of  titanium  tetrachloride  in  the  catalytic  complex,  the  yield  of  the 
insoluble  solid  polymer  increased.  At  an  isoamylsodium-to-titanium  tetrachloride  ratio  of  1:3,  only  solid  polymer 
was  formed  (see  Table  l).  The  total  rate  of  the  process  increased  noticeably  with  an  increase  in  the  catalyst  con¬ 
centration,  the  temperature,  and  the  monomer  concentration. 

TABLE  1 

Effect  of  Molar  Ratio  of  Isoamylsodium-to- Titanium  Tetrachloride 
on  the  Yield  of  the  Soluble  and  Insoluble  Parts  of  Polyisoprene.  Iso¬ 
amylsodlum—  3.5  Weight  %to  Isoprene;  Isoprene  —  2.5  Weight  % 
to  Benzine 


Iso-CjH  Na: 
TiCl4 

Temp. 

Time 

(hours) 

Polymer  yield  {%) 

insoluble  1  soluble 
solid  1  rubbery 

polymer  [polymer 

0  : 1 

90® 

4 

0.9 

0.5 

1  :  3 

90 

4 

29.2 

0 

1  :  2 

90 

4 

12 

3.6 

1  : 1 

90 

4 

10.6 

35.2 

2  : 1 

70 

12 

2.9 

23.8 

4  :  1 

70 

12 

0 

41.5 

1  :() 

r>o 

2.5 

0 

75 
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TABLE  2 

Structure  of  Soluble  Polyisoprene ,  Obtained  with  an  Equimolecular 
Ratio  of  Isoamylsodium  to  Titanium  Tetrachloride,  Concentration 
of  Isoamylsodium  3,5  Weight  %  with  Respect  to  Monomer;  Con¬ 
centration  of  Isoprene  in  Benzine  25  Weight  *7© 


Temp. 

Structure  from  IR-s 
Amount  of  units  (% 

>ectral  data. 

Vitrification 
temperature 
of  polymer 

1.2 

3,4 

trans- 1 ,4 

cis-1,4 

30° 

5 

<i 

(>!» 

20 

—05° 

:U) 

2 

5  • 

23 

70 

—74 

0 

7 

11 

82 

— 

‘H) 

0 

9 

.3«) 

55 

—69 

9<) 

3 

r» 

5() 

30 

—60 

‘M) 

2 

i; 

43 

— 

!K) 

3 

<; 

r).s 

33 

—70 

Insoluble  powdery  polymers  of  divinyl  and  Isoprene  were  also  formed  in  small  amounts  by  the  polymeriza¬ 
tion  of  isoprene  and  dlvinyl  in  benzine  solution  in  the  presence  of  titanium  tetrachloride  alone,  Alkylaluminum 
dichloride  was  particularly  active  in  this  respect.  By  studying  the  structures  of  the  polymers  obtained  by  means  of 
infrared  spectroscopy,  it  was  established  that  the  benzine- soluble  polyisoprene  contained  about  90%  of  units  with 
a  1 ,4  structure  (see  Table  2),  This  was  the  principal  difference  between  the  polymers  we  obtained  and  polyiso¬ 
prene  formed  in  the  presence  of  sodium  and  organosodium  compounds  without  the  participation  of  titanium  chlo¬ 
rides.  In  the  latter  case,  3,4  and  1,2  units  predominate  in  the  chains. 

It  should  be  noted  that  the  large  variation  in  the  ratio  of  1,4-cis-  and  trans- units  in  the  polyisoprene  is  ap¬ 
parently  connected  with  the  inhomogeneity  of  the  compositions  of  the  complexes,  obtained  under  the  conditions 
we  chose  for  the  reactions.  The  solid  polybutadiene  was  a  white,  amorphous  (according  to  x-ray  structural  analy¬ 
sis  data)  powder,  which  did  not  dissolve  in  organic  solvents.  According  to  infrared  spectroscopic  data,  the  polymer 
contained  a  certain  amount  of  vinyl  groups.  This  polymer  softened  and  began  to  decompose  at  a  temperature  of 
about  400*.  The  powdery  polyisoprene  (d  0.95)  was  also  amorphous  and  did  not  dissolve  in  organic  solvents.  Ac¬ 
cording  to  infrared  data,  it  also  contained  a  considerable  amount  of  isopropenyl  groups. 

The  powdery  polymers  obtained  were  extremely  thermostable  carbon-chain  materials.  Such  a  high  soften¬ 
ing  point  apparently  may  be  caused  only  by  the  characteristics  of  the  structure  of  the  polymer  chain  itself.  Cata¬ 
lysts  of  the  ionic  type  are  capable  of  producing  polymerization  of  olefins  with  internal  and  external  double  bonds. 
In  this  connection,  the  reactions  in  polymers  may  develop  in  two  directions. 

1.  A  reaction  may  occur  inside  the  chain,  accompanied  by  the  formation  of  condensed  six-membered  rings; 

-<:il2-CII— CMg— Gil— GHz— CH-Cllz— 

CM  GM  GH  Catalyst 

II  II  II 

GHz  GHz  GHz 

GHz  GHz  GHz  GHz 
/\  /\  /\  /\ 

~GH2— GH  GH  CH  GH  CH~ 

-  I  I  I  I  I 

—GHGH  GH  GH  GH-CHo~ 

\/  \/  \/  \/ 

GHz  GHz  CHz  GHz 

A  reaction  inside  a  chain  containing  internal  double  bonds  leads  to  analogous  results,  for  example,  when  a 
solution  of  natural  rubber  is  heated  in  the  presence  of  alkylaluminum  dichloride.  In  the  case  of  unconjugated 
dienes,  reactions  of  this  type  lead  to  the  formation  of  soluble  polymers  with  isolated  rings  in  the  main  chain,  as 
was  shown  in  our  laboratory  on  the  example  of  the  catalytic  polymerization  of  dimethyldiallylsilane. 
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2.  A  reaction  may  occur  between  polymer  chains,  which  must  lead  to  structuralization  of  the  polymers, 
due  to  the  formation  of  cyclic  structures  of  an  indefinite  character.  Apparently,  the  latter  cannot  lead  to  such  a 
high  increase  in  the  softening  point  of  the  substance. 

High-melting  products  were  isolated  by  Staudlnger  et  al.,  in  the  thermopolymerization  of  cyclopentadiene 

[5].  From  a  determination  of  the  unsaturation  of  the  polycyclopentadiene,  the  author  ascribed  to  the  latter  a  struc¬ 
ture  with  condensed,  alternating  five-  and  four-membered  rings.  The  solubility  and  melting  point  of  cyclopenta¬ 
diene  polymers  changed  sharply  with  an  increase  in  the  degree  of  polymerization.  The  pentamer  had  m.p.  270*. 
Products  with  a  higher  degree  of  polymerization  melted  at  over  300*  and  decomposed  at  this  temperature. 

The  high  thermostability  of  the  polymers  synthesized  is  connected  with  their  high  melting  point.  The  link 
between  these  effects  was  recently  examined  in  one  of  our  papers  [6]. 

It  should  be  noted  that  the  formation  of  a  high-melting  cyclic  polymer  was  observed  also  under  conditions 
when  organopotassium,  magnesium,  or  aluminum  compounds  were  used  instead  of  organosodlum  compounds  in  a 
system  containing  excess  TiCl4. 

EXPERIMENTAL 

Starting  materials  and  working  procedure.  Isoamylsodium  (b.p.  105-110*),  obtained  by  Morton's  method  [7], 
was  used  as  a  dispersion  in  benzine;  TiCl4  was  used  as  a  10^  solution  in  benzine.  The  benzine,  Isoprene,  and  di¬ 
vinyl  were  distilled  over  metallic  sodium  before  use.  All  the  work  was  done  in  an  atmosphere  of  dry  nitrogen, 
free  from  oxygen.  The  experiments  were  carried  out  in  glass  ampoules  with  continuous  shaking.  After  the  process, 
the  reaction  mixture  was  treated  with  alcohol.  The  rubber  isolated  was  dried  in  vacuum.  The  insoluble  part  of 
the  polymer  was  first  washed  with  water.  For  each  sample,  we  determined  the  Infrared  absorption  spectrum  on  an 
IKS- 11  spectrograph,  the  x-ray  spectrum  (for  the  Insoluble,  powdery  polymers),  and  the  vitrification  point  or  the 
softening  point  by  Marei's  method  [8].* 


SUMMARY 

1.  It  was  shown  that  by  means  of  complexes  formed  by  the  interaction  of  isoamylsodium  and  titanium 

tetrachloride,  it  was  possible  to  obtain  polyisoprene  containing  about  1,4-units  in  the  chain. 

2.  It  was  shown  that  by  the  catalytic  polymerization  of  butadiene  and  isoprene  under  certain  conditions,  it 
was  possible  to  obtain  solid  thermostable  polymers  with  high  softening  points. 
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Vm.  THE  SYNTHESIS  OF  CHLORINE- SUBSTITUTED  DIARYLUREAS 

D.'F.  Kutepov,  A.  A.  Potashnik  and  K.  I.  Vavilina 
Original  article  submitted  May  12,  1958 


In  the  literature,  a  number  of  methods  are  cited  for  the  preparation  of  diarylureas  substituted  in  the  ring, 
starting  with  the  appropriate  aryl  amines  and  phosgene  [1],  In  addition,  it  has  been  shown  that  reactions  of  this 
type  proceed  best  under  homogeneous  conditions.  Most  frequently,  nitrobenzene  and  toluene  have  been  used  as 
solvents  for  this  purpose. 

In  our  previous  communication  [2],  we  de¬ 
scribed  methods  for  the  preparation  of  chlorine- sub¬ 
stituted  diarylureas  under  various  conditions.  When 
the  hydrogen  atoms  of  the  amino  group  were  highly 
labile,  the  reaction  proceeded  rather  vigorously  at 
room  temperature.  Thus,  for  example,  2,4,5-tri- 
chloroaniline  and  2,4-dichloroaniline  were  phos- 
genated  satisfactorily  at  20-65*  in  dichloroethane 
medium.  Moreover,  the  purity  of  the  products  and 
the  yields  were  increased  considerably  when  the  hy¬ 
drogen  chloride  formed  was  removed  from  the  field 
of  reaction  [3].  In  comparison  with  the  products 
mentioned,  the  phosgenation  of  2,4,6-trichloro-  and 
2,3,5,6-tetrachloroaniline  took  place  only  at  high 
temperature  in  solution  in  high- boiling  solvents. 

In  the  present  work,  we  have  investigated  the 
phosgenation  of  2,4,6-trichloroaniline  in  chloroben¬ 
zene  and  1 ,2,4-trichlorobenzene.  It  has  been  shown 
that  at  an  elevated  temperature  the  reaction  of  the  trichloroaniline  with  phosgene  goes  better  in  trichlorobenzene 
with  all  other  conditions  being  the  same.  It  also  has  been  established  that  with  an  increase  in  temperature,  the 
reaction  rate  and  the  yield  of  the  final  product  gradually  reach  their  optimum,  and  with  further  increase  in  tempera¬ 
ture  they  begin  to  diminish.  It  is  apparent  that,  at  an  elevated  temperature,  side  reactions  become  significant, 
leading  to  partial,  and  even  complete  decomposition  of  the  hexachlorodiphenylurea  formed.  Comparative  data 
on  the  preparation  of  hexachlorodiphenylurea  (see  figure)  show  that  in  trichlorobenzene  the  yield  of  the  former  is 
somewhat  higher  than  in  chlorobenzene  medium.  The  optimum  temperature  for  the  reaction  in  trichlorobenzene 
is  120*  (in  chlorobenzene,  110*). 


— i - 1 - 1 - i  t  I _ «  1 

80  130  m 


Effect  of  temperature  on  yield  of  hexachlorodiphenyl¬ 
urea  from  phosgenation  of  2,4,6-trichloroaniline:  l) 
in  chlorobenzene;  2)  in  trichlorobenzene. 


EXPERIMENTAL 

1.  Phosgenation  of  2 ,4- Dichloroaniline  in  Dichloroethane  Medium 

In  a  reactor  provided  with  a  stirrer,  thermometer,  manometer,  and  reflux  condenser,  were  placed  20  g  of 
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2,4>dlchloroanillne,  80  ml  of  dichloroethane ,  80  ml  of  water,  and  2  drops  of  OP**7  emulsifier.  16  g  of  sodium 
carbonate  was  introduced  into  the  reaction  mixture  in  3  portions;  12.2  g  of  phosgene  (200^)  was  passed  through 
in  the  coune  of  50  minutes.  The  reaction  was  carried  out  at  room  temperature.  After  the  phosgene  was  passed 
through,  the  reaction  mixture  was  stirred  at  20*  for  3  hours,  then  for  30  minutes  more  at  65*.  After  this,  the  re¬ 
action  mixture  was  kept  without  stirring  for  1  hour.  The  precipitate  that  had  separated  out  was  filtered  off,  washed 
with  water  and  with  dichloroethane,  and  dried  at  room  temperature.  18.7  g  (86.57*^  of  2,2',4,4'-tetrachlorodi- 
phenylurea  was  obtained  with  m.p.  272.5-273*  (according  to  the  literature  data,  273*).  After  separation  of  the 
precipitate,  the  filtrate  was  used  for  the  phosgenation  of  a  new  portion  of  2,4-dichloroaniline,  which  brought  the 
total  yield  of  tetrachlorodiphenylurea  much  closer  to  quantitative. 

2.  Phosgenation  of  2 ,4 ,6- Trichloroaniline  in  Chlorobenzene  Medium 

In  a  reactor  were  placed  10  g  of  trichloroaniline  and  50  ml  of  chlorobenzene.  The  reaction  mixture  was 
heated  while  being  stirred,  and  was  kept  at  the  assigned  temperature  for  30  minutes.  During  this  time,  the  tri¬ 
chloroaniline  dissolved  in  the  chlcvobenzene.  Then,  over  the  course  of  1.5  hours,  150*^  of  the  theoretical  amount 
of  phosgene  was  bubbled  in  through  a  bottle  containing  sulfuric  acid.  After  the  passage  of  the  phosgene  was  com¬ 
pleted,  the  reaction  mixture  was  kept  at  the  same  temperature 
while  being  stirred  for  2.5  hours  more.  Thus,  the  total  duration 
of  the  phosgenation  reaction  was  4  hours.  The  white  precipitate 
that  separated  out  after  cooling  was  filtered  off,  washed  three 
times  with  chlorobenzene  (20  ml  portions),  and  twice  with  al¬ 
cohol  (20  ml  portions).  The  filtered  precipitate  was  dried  at 
98-100*.  2,2',4,4',6,6'-Hexachlorodlphenylurea  was  obtained, 
which  contained  no  tetrachloro  derivative  according  to  the  re¬ 
sults  of  analysis.  The  experimental  results  are  given  in  the 
table  (10  g  of  trichloroaniline  was  used  in  all  experiments). 

3,  Phosgenation  of  2 ,4 ,6- Trichloroaniline  in 
Trichlorobenzene  Medium 

The  experiments  were  carried  out  in  the  same  way  as  those  in  chlorobenzene  solution.  The  same  tempera¬ 
ture  regime  was  maintained,  and  the  same  amounts  of  starting  materials  were  used.  The  results  are  given  in  the 
table. 

4.  Phosgenation  of  2 ,3 , 5 ,6- T*» tr achloroaniline  in  Nitrobenzene  Medium 

10  g  of  tetrachloroaniline  and  30  ml  of  nitrobenzene  were  introduced  into  the  reactor.  The  mixture  was 
heated  to  130*,  during  which  all  the  tetrachloroaniline  went  into  solution.  Then  a  strong  cunent  of  phosgene 
(with  a  considerable  excess)  was  passed  through  the  reaction  solution  for  1.5  hours;  during  this  time,  a  white  pre¬ 
cipitate  of  2,2',3,3*,5,5’,6,6*-octachlorodiphenylurea  separated  out,  which  was  filtered  off  and  washed  several 
times  with  acetone  and  ether.  M.p.  347*  (with  decomp.).  Octachlorodiphenylurea  is  not  described  in  the  litera¬ 
ture. 

Found  %  N  5.84;  5.69;  Cl  60.33;  58.82.  CuH40N,Cl,. 

Calculated  %  N  5.74;  Cl  58.02. 

SUMMARY 

1.  The  phosgenation  of  2,4,6-trichloroaniline  and  2.4-dichloroaniline  in  high-boiling  solvents  has  been  in¬ 
vestigated.  It  has  been  established  that  the  preparation  of  2,2*,4,4',6,6*-hexachlorodiphenylurea  in  trlchloroben- 
zene  proceeds  with  a  good  yield. 

2.  2,2',3,3*,5,5*,6,6’-Octachlorodiphenylurea,  which  is  not  described  in  the  literature,  has  been  synthesized. 


Reaction 

tempera¬ 

ture 

Yield  of  hexachlorodi- 
phenylurea  (in 

in  chloro¬ 
benzene 
solution 

in  chloro¬ 
benzene 
solution 

80® 

52.23 

65.20 

90 

64.54 

72.70 

100 

68.95 

72.93 

110 

73.85 

81.61 

120 

69.42 

83.72 

130 

65.50 

81.95 

140 

— 

80.00 
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In  order  to  further  investigate  the  relationship  of  the  physiological  activity  of  the  esters  of  alkanolamlnes 
to  their  structure,  we  undertook  the  synthesis  of  a  number  of  esten  of  tertiary  butanolamines,  both  saturated  and 
containing  multiple  bonds  in  the  alcohol  chain. 

OCOAr  OCOAr  OCOAr 

\c_c=c— ch,n/  ^c-gii=»ch-ch2N^  ^c:(CH2)3N<^ 

A  method  recently  described  for  the  preparation  of  acetylenic  amlnoalcohols  and  butanolamines  by  the 
condensation  of  acetylenic  amines  with  ketones  in  the  presence  of  various  condensing  agents,  with  subsequent  re¬ 
duction  of  the  acetylenic  amlnoalcohols,  in  most  Instances  gives  low  yields  [1].  The  synthesis  of  substituted 
butanolamines,  in  particular  5-dlethylaminopentanol-2,  which  is  used  as  an  intermediate  for  the  preparation  of 
atabrine,  plasmoqulne,  and  a  number  of  other  compounds,  is  carried  out  with  good  yields  on  the  basis  of  aceto- 
acetlc  ester,  which  naturally  limits  the  substitution  on  the  carbon  linked  with  the  hydroxyl  group. 


Cll3C=CHCOOC2H5  ^i^BMMlSlli^CHaCCIIaCnaCHoNlCzHr,)^ Cn3CH(CH2):,N'G2lf5)2 


ONa 


CH,-CH, 


GHiGGH — GO 


OH 


HN(C,II.), 


»1 


HCI 

O  GH3GGHaGH2GH2Gl 


Hj-GHj 


For  the  preparation  of  various  aminobutanols,  and  also  aminobutynols  and  aminobutenols  and  their  esters, 
we  used  a  simpler  general  method  of  synthesis  that  comprises  carrying  out  the  Mannich  reaction  with  the  appropri¬ 
ate  esters  of  the  acetylenic  alcohols  and  subsequent  hydrogenation  of  the  acetylenic  amino  esters.  Saponification 
of  the  acetylenic  amino  esters  followed  by  selective  hydrogenation  makes  it  possible  to  prepare  the  corresponding 
acetylenic,  ethylenic,  and  saturated  amlnoalcohols. 


OH 


OGOR" 


R"^  R'/  R'^ 

^  OGOR"  on 

^C-G=G— GII2N  R"'  ^C-G=G-GH2NR''' 
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o  OH 

I 

;C-CH=CH— CH2NR2" 


OCO  R" 

»\  I 

^G— CRaCHjCHoNRj 
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OH 

I 

C-CH2CH2CH2NR, 


We  prepared  acetylenic  alcohols  by  the  reaction  of  acetylene  with  ketones  at  6-7  atm  pressure  in  the 
presence  of  powdered  potassium  hydroxide  [2].  The  ketones  used  were  acetone,  methyl  ethyl  ketone,  cyclohexan¬ 
one,  and  cyclopentanone. 


The  Mannich  reaction  goes  with  acetylene  itself  only  in  the  presence  of  copper  acetylide,  and  results  in  the 
formation  of  propargylamine  and,  to  a  lesser  extent,  of  the  corresponding  1,4-diaminobutyne  [3].  In  the  case  of 
phenyl-  [4]  and  vlnylacetylenes  [5],  this  reaction  proceeds  with  good  yields  even  without  a  catalyst.  The  same 
is  true  of  the  alkylacetylenes.  When  the  Mannich  reaction  is  carried  out  with  a -acetylenic  alcohols,  as  has  been 
shown,  the  desired  aminoalcohols  are  obtained  in  slight  yields  [6],  while  with  fi  -acetylenic  alcohols  this  reaction 
gives  a  60%  yield  [7].  The  Mannich  reaction  can  be  carried  out  with  good  yields  with  both  ethers  and  esters  of 
the  a -acetylenic  alcohols.  This  anomalous  behavior  of  the  a -acetylenic  alcohols  has  not  yet  been  explained. 

The  acetylenic  alcohols  were  therefore  first  esterifled.  The  esterification  was  carried  out  with  benzoyl  chloride 
and  phenoxyacetyl  chloride,  the  radicals  of  which  should  be  contained  in  the  final  products,  and  with  acetic  an¬ 
hydride;  from  the  acetates  we  obtained  the  corresponding  aminoalcohols,  by  saponification.  Esterification  with 
benzoyl  chloride  and  phenoxyacetyl  chloride  by  the  methods  of  Spasov  and  of  Schotten  and  Baumann  did  not  give 
satisfactory  results.  The  esters  were  obtained  in  good  yields  by  the  reaction  of  the  appropriate  acetylenic  alcohols 
with  benzoyl  chloride  and  phenoxyacetyl  chloride  in  the  presence  of  dry  pyridine.  Experiments  were  carried  out 
in  which  the  pyridine  was  used  in  fivefold  excess  and  served  simultaneously  as  the  solvent;  in  other  experiments, 
the  solvent  was  benzene,  and  the  pyridine  and  acid  chloride  were  used  in  equlmolecular  amounts.  In  the  latter 
case,  the  process  was  simpler  and  the  yields  of  the  esters  were  higher.* 

The  acetates  of  the  acetylenic  alcohols  listed  are  formed  in  good  yields  by  the  reaction  with  the  alcohols 
of  acetic  anhydride  in  the  presence  of  a  few  drops  of  sulfuric  acid.  The  Mannich  reaction  was  carried  out  by  heat¬ 
ing  the  appropriate  acetylenic  ester  for  25-40  hours  with  paraform  and  piperidine  or  dlethylamine  in  dioxane  solu¬ 
tion.  The  time  of  heating  depended  on  the  amount  of  the  starting  materials.  Thus,  when  the  reaction  was  carried 
out  with  10  g  of  dimethylethynylcarbinol  benzoate,  the  corresponding  base  was  obtained  in  83%  yield  after 
12  hours  of  heating.  When  the  same  experiment  was  carried  out  with  85  g  of  the  alcohol  benzoate,  a  48% yield 
of  the  base  was  obtained  after  39  hours  heating,  and  30  g  of  the  starting  benzoate  was  recovered.  The  Mannich 
reaction  goes  more  easily  with  the  acetates,  somewhat  more  difficultly  with  the  benzoates,  and  especially  so 
with  the  phenoxyacetates  of  the  alcohols. 


The  acetates  of  the  acetylenic  aminoalcohols  were  saponified  by  heating  them  for  1  hour  in  an  alcoholic 
solution  of  potassium  hydroxide,  and  80-90%  yields  of  the  corresponding  aminoalcohols  were  obtained.  The  saponi¬ 
fication  of  the  benzoates  proceeded  similarly.  The  results  of  reduction  of  the  acetylenic  aminoalcohols  and  their 
esters  will  be  reported  later. 


EXPERIMENTAL 

1-Ethynylcyclohexanol- 1  Acetate  (VII)  [9] 

5  drops  of  concentrated  sulfuric  acid  was  added  to  82  g  (0,80  mole)  of  acetic  anhydride,  and  while  the  mix¬ 
ture  was  stirred  and  cooled  with  ice  water,  100  ml  of  1-ethynylcyclohexanol-l  was  slowly  run  in  at  such  a  rate 
that  the  temperature  of  the  mixture  did  not  rise  above  20*.  After  30  minutes,  the  reaction  mixture  was  diluted 


•After  our  work  was  finished,  a  short  communication  appeared  on  the  possibility  of  preparing  the  benzoates  of 
tertiary  acetylenic  alcohols  in  good  yields  by  the  reaction  of  1  mole  of  benzoic  acid,  1  mole  of  alcohol,  and 
1.5-2  moles  of  benzene-  or  toluenesulfonyl  chloride  in  anhydrous  pyridine  [8]. 
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1831 


TABLE  2 

R  OCOR" 

Esters  of  Acetylenic  A mlnoalcohols  ^c— c=  c— ch^nj{2 

R' 


1 

Compd. 

No. 

1 

>■!- 

R" 

nr"' 

Boiling 
point (pres- 

„20 

"d 

‘*20 

R' 

1 

sure  in  mm) 

_ _ _ _ 

(XI) 

1 

(CH3)2C 

- 

CII3 

NGsH.o 

123—1250 

(3.7) 

1.4728 

0.9800 

(XII) 

(CH3),C 

— 

Q1I5 

NG:,H,„ 

178-181) 

(.3.5) 

1.5232 

1.0432 

(XllI) 

(CH3)2C 

— 

Q.":. 

N(C2ll5)2 

141  Cli 

1.5050 

0.9940 

(XIV) 

1 

(CH3),C 

— 

cn20('(|ii5 

N(G2n6)2 

158-1(50 

(2) 

102-104 

(2.5) 

1.5045 

1.0340 

(XV) 

OHs  1 

CH3 

NCjHio 

1.4739 

0.9703 

*^2^5 

(XVI) 

oils 

>< 

C2H3 

1 

NG5H10 

178—180 

(3) 

1.5238 

(XVII) 

CH3  , 

>c- 

N(G2H5)2 

157—158 

(3) 

1.5055 

0.8898 

C3H5 

(XVIII) 

GH3  1 
>- 

C2H5 

CILpCoHs 

N(G2H5)2 

160-1(51 

(2) 

1.5010 

1.0232 

(XIX) 

/\ 

1 

CH3 

NG5H10 

145-146 

(2) 

1.4963 

1.0140 

\/ 

(XX) 

/\ 

— 

GH3 

N(G2H5)2 

110-111 

(2) 

1.4757 

0.9690 

\/ 

i 

(XXI) 

/\ 

— 

QHs 

NGjH.o 

190—192 

(2.5) 

1.5398 

\/ 

(XXII) 

/\ 

— 

N(G2H5)2 

171  —  172 
(2.5) 

1.5235 

1.028 

\/ 

(XXIIl) 

1 

GH3 

NGsHio 

158-160 

1.4965 

— 

n 

(3) 

1  1 
x/ 

(XXIV) 

1 

QH5 

NGgHio 

178—180 

1..5422 

1.071 

(2.5) 
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Yield  \ 

1 

Melting  point  of  derivatives  (solvent!' 

1 

1 

en 
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used  ! 

on 
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Found  Empirical 
%  N  j formula 

Calc.  % 
N 

61 

74 

Methlodide  106-108*  (acetone- 
alcohol) 

6.44. 

i\ 

6.28 

78 

83 

Methlodide  170-171*  (acetone) 
Hydrochloride  136-137,5*  (acetone) 

4.7!',  .').I2 

4.!»t 

83,.-) 

83.5 

Methlodide  160-161*  (alcohol) 

Plcrate  96.5-98*  (alcohol)* 

.5.21,5.24 

( 1 

.5.14 

68 

7.') 

— 

4.76, 4.84 

C.sHi-.OsN 

4.65 

65 

87 

Hydrochloride  129-131*  (alcohol) 
Plcrate  115-116*  (alcohol) 

5.94, 6.(t7 

1^<I4 1  lojil  ^2^ 

5.00 

37 

- 

Methlodide  136.5-137.5*  (acetone) 
Hydrochloride  137,5-139*  (acetone 

4.!I7.  4.83 

1*1!)  H  2.', 1^2*^ 

1 

4,<>8 

74 

82 

Methlodide  130-131.5*  (alcohol) 

.5.16,  .5.118 

4.80 

5^1 

68 

— 

.5.50,  4.70 

<'I!)I1.70;,N 

4.42 

56 

H6 

Mcihlodlde  153-154*  (alcohol-ether) 
Hydrochloride  152-153*  (acetone) 

5.(i4,  5.58 

5.32 

88 

!)6 

— 

5.80,  5.88 

1*15**2.')1^2N 

5.58 

a5 

85 

MeUiiodide  175-176*  (acetone) 
Hydrochloride  182,5-184*  (acetone) 

4.50.4.62 

(-21  H27O2N 

4.31 

87 

<18 

j^erV,f.-4ide  150-151*  (acetone) 
Hydrochloride  137-138*  (acetone) 

4.81,4.52 

C20H27O2N 

4.48 

60 

72 

Hydrochloride  215-216*  (acetone - 
alcohol) 

Plcrate  98-99*  (acetone) 

5.63, 5.80 

C,r.H2;,()2N 

5.62 

30 

4!) 

^yiethlodide  194-195*  (acetone) 
Hydrochloride  180-181*  (acetone- 
alcohol) 

4.40, 4.40 

C20H25O2N 

4.51 
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M.p.  58-60' 


with  150  ml  of  water,  carefully  neutralized  with  solid  sodium  carbonate  (53  g),  and  extracted  with  ether  (200  ml). 
The  ether  extracts  were  washed  with  sodium  carbonate  solution,  and  with  water,  and  dried  with  calcium  chloride. 
After  the  ether  was  distilled  off,  the  residue  was  distilled  in  vacuo.  118  g  (90*^)  of  the  acetate  was  obtained.  There 
was  4  g  of  tarry  residue  in  the  flask.  In  a  similar  manner,  the  acetates  of  dime  thy  lethynylcarbinol  (I)  [9],  methyl- 
ethylethynylcarbinol  (IV)  [9],  and  ethynylcyclopentanol  (IX)  [10]  were  prepared.  The  constants  and  yields  for 
these  compounds  are  given  in  Table  1. 

1-Ethynylcyclopentanol- 1  Benzoate  (X) 

To  a  solution  of  50  g  (0.45  mole)  of  1-ethynylcyclopentanol-l  and  65  g  (0.46  mole)  of  benzoyl  chloride 
in  100  ml  of  dry  benzene,  we  slowly  added,  with  cooling  and  stirring,  39.5  g  (0.50  mole)  of  pyridine.  Toward 
the  end  of  the  addition,  crystals  of  pyridine  hydrochloride  began  to  precipitate.  The  mixture  stood  for  two  days 
at  room  temperature,  then  was  washed  with  10%  sulfuric  acid  until  the  pyridine  was  completely  neutralized.  The 
benzene  layer  was  separated  and  the  aqueous  layer  was  extracted  with  ether  (100  ml).  The  benzene— ether  ex¬ 
tract  was  washed  with  saturated  sodium  carbonate  solution,  with  water,  and  dried  with  potassium  carbonate.  After 
the  ether  and  benzene  were  distilled  off,  the  product,  which  had  partially  crystallized,  was  distilled  in  vacuo. 

78  g  (83%)  of  the  benzoate  was  obtained.  The  benzoates  of  (n),  (V).  and  (Vni),  and  the  phenoxyacetates  of  (IK), 
(VI),  dlmethylethynylcarblnol,  methylethy lethynylcarbinol,  and  1-ethynylcyclohexanol-l  were  prepared  in  a 
similar  manner.  Their  constants  and  yields  are  given  in  Table  1. 

1-y -Piperidinopropynylcyclohexanol-1  Acetate  (XIX) 

A  solution  of  61.2  g  (0.72  mole)  of  piperidine,  21.6  g  of  paraform  (0.72  mole,  calculated  as  formaldehyde), 
and  119  g  (0.72  mole)  of  the  acetate  of  1-ethynylcyclohexanol-l  in  240  ml  of  dry  dioxane  was  refluxed  at  weak 
boiling  for  34  hours.  On  cooling,  100  ml  of  water  was  added,  the  organic  layer  was  separated,  and  the  aqueous 
layer  was  extracted  with  ether.  To  the  organic  layer  combined  with  the  ether  extracts  was  added  carefully,  with 
cooling,  166  ml  of  5  N  hydrochloric  acid.  The  ether  layer  was  separated  (1)  and  the  acid  aqueous  solution  was 
neutralized,  while  cooling,  with  56  ml  of  a  concentrated  ammonia  solution  and  extracted  twice  with  ether  (150  ml) 
(2).  The  ether  extracts  (2)  were  dried  with  sodium  sulfate  and  .after  the  ether  was  distilled  off,  the  product  was 
distilled  in  vacuo.  105.3  g  of  the  acetate  was  obtained.  There  was  9  g  of  tarry  residue. 

Found  %:  N  5.64,  5.58.  CisHisOzN. 

Calculated  %:  N  5.32. 

The  ether  extract  (1)  was  dried  with  calcium  chloride;  after  the  ether  was  distilled  off,  the  product  was 
distilled  in  vacuo.  19  g  of  the  starting  acetate  of  1-ethynylcyclohexanol-l  was  obtained  with  b.p.  96-100*  at 
22  mm;  n*®D  1.4639.  The  yield  of  the  acetate  (XIX)  was  56%,  based  on  the  amount  of  the  acetate  of  1-ethynyl¬ 
cyclohexanol-l  used  and  66%  based  on  the  amount  entering  into  the  reaction.  The  constants  and  the  yields  of  the 
other  Mannich  bases,  which  were  obtained  in  a  similar  manner,  are  given  in  Table  2. 

1-y  -  Piperidinopropynylcyclopentanol-1  (XXVIII) 

A  solution  of  42.1  g  (0.17  mole)  of  the  acetate  of  1-y  -piperidinopropynylcyclopentanol-1  (XXIII)  and 
11.2  g  (0.2  mole)  of  potassium  hydroxide  in  130  ml  of  90%  alcohol  was  heated  for  2  hours  on  a  water  bath.  The 
alcohol  was  distilled  off  under  a  weak  vacuum,  the  residue  was  treated  with  50  ml  of  water  and  extracted  with 
ether.  To  remove  traces  of  alkali,  35  ml  of  18%  hydrochloric  acid  was  added  to  the  ether  solution,  and  the 
aqueous  layer  was  separated  and  neutralized  with  20  ml  of  concentrated  ammonia  solution.  The  supernatant  oil 
was  extracted  with  ether  and  dried  with  magnesium  sulfate.  After  the  ether  was  distilled  off,  the  product  was 
distilled  in  vacuo.  31.2  g  (88.5%)  of  (XXVIII)  was  obtained  as  a  very  viscous,  light  yellow  liquid. 

Found  %:  N  6.62,  6.82.  C^HjiGN. 

Calculated  %:  N  6.75. 

In  a  similar  manner,  other  acetylenic  aminoalcohols  were  prepared;  their  constants  and  yields  are  given  in 
Table  3. 
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SUMMARY 

1.  A  number  of  acetates,  benzoates,  and  phenoxy acetates  of  acetylenic  aminoalcohols  have  been  prepared 
by  the  Mannich  reaction  with  esters  of  tertiary  acetylenic  alcohols.  The  hydrochlorides  of  the  benzoates  and 
phenoxyacetates  were  prepared  for  physiological  testing  of  their  anesthetic  activity. 

2.  By  saponification  of  the  acetates  the  corresponding  acetylenic  aminoalcohols  were  obtained. 
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SYNTHESIS  OF  STEREOISOMERIC  1 ,2 ,5- T RI ME TH Y L- 4- E TH YN YL- 
-4-PIPERIDOLS.  STEREOCHEMISTRY  OF  THE  ACETYLENIC  SYNTHESIS 


I.  N.  Nazarov,  I.  A.  Mokhlr,  B.  V.  Unkovskil  and  G.  S.  Gusakova 
M.  V.  Lomonosov  Institute  of  Fine  Chemical  Technology,  Moscow 
Original  article  submitted  May  29,  1958 


In  recent  years  in  our  laboratory  systematic  Investigations  have  been  carried  out  on  the  stereoisomeric  1- 
-alkyl-2,5-dlmethyl-4-phenyl-4-plperldols  and  their  acyl  derivatives  for  the  purpose  of  exploring  new  sedative 
preparations  and  explaining  the  relationship  of  analgesic  activity  to  spatial  configuration  [1 .2].  As  a  result  of 
this  work,  new  domestic  preparations  have  been  obtained  —  promedol,  Isopromedol,  and  a-promedol  (hydrochlo¬ 
rides  of  the  propionates  of  the  stereoisomeric  l,2,5-trlmethyl-4-phenyl-4-plpcridols)  [1,3],  which  surpass  morph¬ 
ine  in  analgesic  activity  2-10  times,  and  have  found  use  in  clinical  practice. 

In  the  development  of  this  research  we  were  interested  in  the  synthesis  and  investigation  of  analgesics  of 
the  type  of  the  stereoisomeric  4-aryl-4-piperldylalkyl  ketones  which,  in  contrast  to  promedol,  an  analog  of  nlzen- 
tyl  (prodyne)  [4],  have  a  ketobemidone  (kllradone)  structure,  first  synthesized  10  years  ago  [5]. 
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Spatial  isomerism  is  absent  in  the  series  of  ketobemidone  and  its  known  analogs,  in  connection  with  which 
the  synthesis  of  stereoisomers  of  4-aryl-4-plperldylalkyl  ketones  substituted  in  the  piperidine  ring,  which  were  un¬ 
known  up  to  now,  opens  wide  possibilities  for  the  exploration  of  new  sedative  agents. 

In  previous  communications  from  our  laboratory  [3,6]  we  have  described  the  synthesis  of  various  4-ethynyi- 
-4-piperidols  with  different  substituents  in  the  piperidine  ring,  which  are  produced  easily  and  in  good  yields  from 
y -piperldones  and  acetylene  by  the  reaction  of  A.  E.  Favorskil. 
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The  easy  availability  of  the  acetylenic  alcohols,  and  the  possibility  of  preparing  hrom  them  stereoiso meric 
analogs  of  ketobemldone,  induced  us  to  Investigate  in  greater  detail  the  spatial  isomerism  of  these  compounds. 

In  the  present  communication,  we  describe  the  synthesis  of  stereoisomeric  l,2,5-trimethyl-4-ethynyl-4- 
-piperidols  (II)  under  different  conditions,  and  their  separation  into  the  individual  Isomers.  The  acetylenic  alco¬ 
hols  (n)  are  produced  in  yields  up  to  80% by  the  reaction  of  l,2,5-trlmethyl-4-piperidone  (I)  [7]  with  acetylene, 
in  the  presence  of  powdered  potassium  hydroxide,  in  the  form  of  a  mixture  of  the  stereoisomers  which  readily 
lends  itself  to  separation.  Of  the  four  theoretically  possible  acetylenic  alcohols  (II)  which  have  a  different  spatial 
arrangement  of  the  substituents  in  the  piperidine  ring,  we  have  succeeded  in  Isolating  only  three  geometric  iso¬ 
mers  .which  have  been  designated  as  the  ct-,  and  y -isomers. 
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oc-Isomer—  m.p.  73-74";  hydrochloride  —  m.p.  200-201".  fl -Isomer  — 
m.p.  113-114";  hydrochloride  —  m.p.  221-222".  y -Isomer—  177-178"; 
hydrochloride  —  m.p.  209-210". 

The  fact  of  the  isolation  of  the  three  stereoisomeric  acetylenic  alcohols  (n)  described  above  indicates  that 
the  plperidone  (I)  in  the  presence  of  powdered  potassium  hydroxide  enters  into  reaction  with  acetylene  in  both  of 
its  stereoisomeric  forms  [cis-  (la)  and  trans-  (Ib)]  which  occur  in  tautomeric  equilibrium  with  the  enol  form  (Ic). 
and  the  ratio  of  the  cis-  and  trans-  Isomers  can  vary  considerably,  depending  on  the  conditions  under  which  the 
reaction  is  carried  out. 
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The  same  sort  of  stereochemical  picture  is  observed  also  in  the  reaction  of  the  plperidone  (I)  with  phenyl 
lithium  [1],  in  contrast  to  the  reaction  with  hydrogen  cyanide,  which  proceeds  in  weakly  acid  or  neutral  medium 
where  only  one  spatial  isomer  of  the  cyanohydrin  [8]  is  formed  as  a  result  of  the  absence  of  the  above-mentioned 
tautomeric  equilibrium  transitions. 

As  a  result  of  a  series  of  experiments  which  were  not  for  the  purpose  of  obtaining  strict  kinetic  data,  we 
succeeded  in  establishing  that  the  quantitative  ratio  of  the  stereoisomeric  acetylenic  alcohols  (n)  is  not  constant, 
but  depends  on  the  reaction  conditions,  changing  under  the  influence  of  a  number  of  factors  (reaction  temperature, 
duration  of  the  synthesis,  pressure). 

Under  ordinary  conditions  for  the  Favorskii  reaction  (temperature  from  —8  to  —10",  duration  10  hours),  the 
predominant  product  is  the  fl -isomer  of  the  acetylenic  alcohol  (H)  (64%);  the  high-melting  y  -isomer  constitutes 
26%  of  the  total  mixture  of  stereoisomeric  alcohols  (n),  while  the  low-melting  a  -isomer  comprises  only  10%. 
Carrying  out  the  reaction  at  higher  temperatures  (0  to  +5")  leads  to  a  notable  increase  in  the  fl  -Isomer  content  of 
the  product  at  the  expense  of  a  decrease  in  the  amount  of  a-  and  y  -isomers  (see  table).  An  increase  in  the  dura¬ 
tion  of  the  reaction  (longer  contact  of  the  reaction  product  with  the  potassium  hydroxide)  also  leads  to  the  same 
results. 


1838 


Expt. 

kmt.  of 
plperid- 
pne  used 

1 Reaction 

Excess  {Duration 
pressure  of  intro. 

Duration 

of 

Yield  of 
acetylen- 

Ratio  of  isomeric 
alcohols  (in  '’Jo) 

No. 

temp. 

of  .of  ketone 

acetyleriel(5n  hrs) 
(In  atm) 

ic 

alcohols 
C'n  g) 

a- 

3" 

T- 

Relationship  to  pressure 


1 

2(K) 

-8° 

.0 

1 

9 

17f>.3 

10.4 

()3.2 

26.4 

2 

IIX) 

—8 

0.5 

1 

3 

89.65 

13.7 

43.1 

43.2 

3 

2(K) 

—8 

5 

1 

3 

184.9 

18.4 

2(i.4 

55.2 

A 

TOY) 

—8 

15 

0.75 

3 

50.0 

23.8 

11.85 

fi4.35 

Relationship  to  temperature 

2(KI 

—8 

0 

1 

9 

lVb.3 

10.4 

63.2 

2(5.4 

^  \ 

1(X) 

0 

0 

1 

0 

87.2 

6.95 

71.6 

21.35 

( 

2(X) 

—8 

5 

1 

3 

184.9 

18.4 

26.4 

55.2 

6  •• 

6(X) 

0 

5 

3 

3 

546.5 

8.3 

54.7 

37.0 

1 

550 

45 

5 

3 

3 

474.2 

6.45 

65.25 

28.3 

Most  interesting  and  unexpected  results  were  obtained  in  the  synthesis  of  the  acetylenic  alcohols  (II)  under 
pressure,  which  was  carried  out  in  special  reactors  [9].  The  excess  pressure  of  the  acetylene  in  these  experiments 
varied  from  0.5  to  15  atm  ,  while  a  constant  temperature  (—8*)  and  reaction  time  (4  hours)  were  maintained  in 
all  the  syntheses.  Separation  of  the  stereoisomerlc  acetylenic  alcohols  (n)  showed  that,  under  these  conditions, 
the  quantitative  ratio  of  the  stereoisomers  varies  distinctly,  depending  on  the  magnitude  of  the  excess  acetylene 
pressure  (see  table). 

Analysis  of  the  results  obtained  Indicates  that  an  increase  in  the  excess  acetylene  pressure  leads  to  a  gradual 
increase  in  the  product  of  the  high-melting  y-  and  the  low-melting  a-isomers,  which  finally  become  the  main 
products  of  the  reaction.  Comparison  of  the  results  of  experiments  carried  out  at  the  same  excess  pressure  but  at 
different  temperatures  show  that  an  Increase  in  the  temperature  leads  to  a  decrease  in  the  effect  of  pressure. 

Under  these  conditions,  as  well  as  at  atmospheric  pressure,  a  decrease  is  observed  in  the  high-melting  y-  and  the 
low-melting  a-isomer  content  of  the  mixture  of  stereoisomerlc  acetylenic  alcohols  (II)  and  an  increase  in  the 
amount  of  0 -isomer  (see  table). 

From  the  data  presented,  it  becomes  evident  that  the  quantitative  ratio  of  the  isomers  (U)  can  vary  and  be 
controlled  at  the  option  of  the  experimenter  by  changing  the  reaction  conditions.  An  explanation  of  such  a  re¬ 
lationship  of  spatial  isomerism  to  the  conditions  of  synthesis,  which  is  recorded  for  the  first  time,  must  be  sought 
in  the  mechanism  of  formation  of  the  acetylenic  alcohols  by  the  Favorskii  reaction,  wiiich  is  of  a  reversible  char¬ 
acter. 

As  a  result  of  the  high  degree  of  dissociation  and  lability  of  some  acetylenic  alcohols,  an  exchange  reaction 
(disproportionation)  is  sometimes  observed,  with  the  transfer  of  the  acetylene  to  a  ketone,  which  forms  a  more 
stable  acetylenic  alcohol.  Such  a  phenomenon  often  occun  in  attempts  to  synthesize  unsymmetrical  acetylenic 
y -glycols  from  acetylenic  alcohols  and  ketones,  where,  along  with  the  expected  unsymmetrical  acetylenic  y- 
-glycols,  one  obtains  the  more  stable  acetylenic  alcohols  or  the  symmetrical  acetylenic  y -glycol  that  is  formed 
from  the  latter  [10, 11]. 

A  similar  dissociation  into  the  starting  components  under  the  influence  of  alkaline  agents,  which  accompanies 
the  exchange  reaction  with  the  transfer  of  hydrogen  cyanide,  and  the  formation  of  a  more  stable  compound,  is 
characteristic  also  of  many  cyanohydrins,  a  fact  that  is  often  utilized  for  preparative  purposes  [12].  Interesting 
data  were  published  very  recently  which  indicate  that  the  degree  of  dissociation,  and  the  stability  of  cyanohydrins 
of  substituted  cyclohexanones  depends  on  their  conformation  [13]. 

By  analogy  with  the  cyanohydrins ,  we  think  that  the  difference  in  the  conformations  of  the  stereoisomerlc 
acetylenic  alcohols  (n),  which  is  connected  with  their  spatial  configuration,  also  affects  the  degree  of  dissociation 
and  the  stability  of  these  alcohols  under  the  conditions  of  synthesis.  The  acetylenic  alcohols  (H)  are  formed  under 
the  influence  of  steric  factors  in  the  synthetic  process  at  a  different  rate,  which  results  in  a  predominance  of  the  0- 
and  y -Isomers.  On  the  other  hand,  since  they  have  a  different  degree  of  stability,  they  also  undergo  dissociation 
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to  an  unequal  extent  depending  on  their  conformation.  Starting  with  the  experimental  data  obtained,  we  have 
come  to  the  conclusion  that  the  fl -isomer  of  the  acetylenic  alcohol  (II)  possesses  a  configuration  that  provides 
greater  stability,  while  the  configuration  of  the  high-melting  y -isomer  promotes  its  dissociation,  as  a  result  of 
which  it  decomposes  more  rapidly  under  the  influence  of  the  potassium  hydroxide.  The  piperidone  (I)  which  is 
formed  as  a  result  of  the  decomposition  of  the  acetylenic  alcohols  undergoes  isomerization  in  the  alkaline  medium, 
and  then  again  reacts  with  the  excess  acetylene  in  both  of  its  stereoisomeric  forms  (cis  and  trans).  As  a  result  of 
this  secondary  process,  a  gradual  accumulation  of  the  more  stable  fl -isomer  takes  place  in  the  reaction  mass.  The 
rate  of  introduction  of  the  starting  piperidone  (I)  plays  an  essential  role,  since,  during  this  period,  isomerization 
of  the  piperidone  also  occurs  under  the  influence  of  the  alkali  before  it  enters  into  reaction  with  the  acetylene. 

The  parallel  course  of  the  transformations  mentioned  above  leads  to  the  establishment  of  a  dynamic  equilibrium 
that  depends  on  the  conditions  under  which  the  synthesis  is  carried  out,  and  that  determines  the  final  quantitative 
ratio  of  the  stereoisomeric  acetylenic  alcohols  at  the  moment  that  the  reaction  is  completed  by  hydrolysis. 

Raising  the  temperature  of  the  synthesis  leads  to  a  considerable  increase  in  the  role  of  dissociation  and  a 
rise  in  the  degree  of  decomposition  of  the  acetylenic  alcohols  (II),  especially  of  the  high-melting  y-  and  the  low- 
melting  ot -isomers,  which  results  in  an  increase  in  the  amounts  of  the  more  stable  fl -isomer  as  a  consequence  of 
the  secondary  processes. 

In  syntheses  under  pressure ,  the  reaction  of  the  acetylene  with  the  starting  piperidone  (I)  proceeds  consider¬ 
ably  more  rapidly  than  at  atmospheric  pressure,  and  the  piperidone  does  not  undergo  enolization  to  the  degree  that 
it  does  in  ordinary  syntheses.  In  this  connection,  the  stereoisomers  of  the  acetylenic  alcohol  (U)  that  are  formed 
under  pressure  are  predominantly  those  that  correspond  to  the  unenollzed  trans  form  of  the  starting  piperidone  (Ib). 
Such  isomers  are  specifically  the  high-melting  y -isomer,  which  has  the  same  spatial  configuration  as  the  cyano¬ 
hydrin  of  the  piperidone  (I),  and  the  low-melting  a-isomer,  which,  according  to  all  the  data,  is  the  epimer  of 
the  y -isomer  at  the  C4  of  the  piperidone  ring.  Furthermore,  in  syntheses  under  pressure,  the  dissociation  of  the 
acetylenic  alcohols  (II)  is  greatly  decreased  in  connection  with  a  decrease  in  the  time  of  contact  and  in  increase 
in  the  concentration  of  acetylene,  which  leads  to  a  shift  in  the  dynamic  equilibrium  toward  the  formation  of  the 
undissociated  compound.  For  this  reason,  the  decomposition  of  the  high-melting  y-  and  the  low-melting  a-isom- 
ers  is  suppressed  under  pressure.  As  the  pressure  rises,  the  content  of  these  isomers  in  the  mixture  of  stereoisomeric 
alcohols  sharply  increases,  and  they  become  the  main  reaction  products. 

Elucidation  of  problems  of  the  stereochemistry  of  the  acetylenic  alcohols  (n),  investigation  of  their  spatial 
configuration,  and  conformational  analysis  will  be  the  subjects  of  subsequent  communications,  in  connection  with 
which,  concrete  spatial  configurations  are  not  yet  ascribed  to  the  acetylenic  alcohols  (n). 

Along  with  the  stereoisomeric  acetylenic  alcohols  (II),  the  symmetrical  acetylenic  y -glycol  —  di-(l,2,5- 
-trimethyl-4-hydroxy-4-piperidyl)acetylene  (HI)—  also  is  obtained.  This  glycol  can  be  formed  both  by  the  direct 
reaction  of  acetylene  with  the  piperidone  (5%)  (I)  [11],  and  by  the  reaction  of  the  latter  with  the  acetylenic  alco¬ 
hols  (20%)  (n). 
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We  have  shown  that  the  glycol  (HI)  is  found  to  be  the  main  product  of  the  reaction  of  the  piperidone  (I)  and 
acetylene  in  the  case  of  a  prolonged  synthesis  (60  hours)  at  room  temperature,  and  that  it  is  formed  in  yields  up 
to  25%  along  with  a  trifling  amount  of  the  fl -isomer  of  the  acetylenic  alcohol  (n)  and  the  recovery  of  a  consider¬ 
able  part  of  the  unreacted  piperidone.  It  is  interesting  to  note  the  complete  absence  in  the  reaction  product  of 
the  high-melting  y-  and  the  low-melting  oc-isomers  of  the  acetylenic  alcohol  (n),  which  are  totally  decomposed 
as  a  result  of  prolonged  synthesis  at  a  high  temperature. 
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EXPERIMENTAL 


1.2.5- Trlmethyl-4~piperidone  (I)  was  prepared  by  a  previously  described  method  [7],  and  usually  had  the 
following  constants:  b.p.  68-69*  at  4  mm,  n*®D  1.4580. 

1 .2.5-  Trimethyl- 4-ethynyl-4-piperidol  (n).  1.  Synthesis  at  atmospheric  pressure.  In  a  three-necked  flask 
fitted  with  a  mechanical  stirrer,  a  mercury  seal,  a  tube  for  the  introduction  of  acetylene,  a  dropping  funnel,  and 
a  reflux  condenser,  were  placed  200  g  of  powdered  potassium  hydroxide  and  2  liters  of  dry  ether.  The  ether  was 
saturated  with  acetylene  over  the  course  of  4  hours  while  the  mixture  was  cooled  with  ice  and  salt  (—8*).  Then 
200  g  of  l,2,5-trimethyl-4-piperidone  (I)  in  200  ml  of  ether  was  added  at  the  same  temperature  with  continuous 
stirring  and  simultaneous  passing  through  of  acetylene.  After  addition  of  the  piperidone,  stirring  was  continued  at 
constant  temperature  for  9  hours  .and  then  the  reaction  mass  was  hydrolyzed  with  300  ml  of  water.  The  white, 
crystalline  precipitate  that  separated  out  was  filtered  off  and  washed  twice  with  hot  water.  After  recrystallization 
from  alcohol,  46.6  g  of  the  high-melting  y -isomer  (II)  was  obtained  with  m.p.  177-178*;  it  gave  no  depression  in 
melting  point  when  mixed  with  a  previously  described  sample  [3]. 

Hydrochloride:  m.p.  209-216*  (from  alcohol). 

Found  "fe  N  6.98,  7.02.  CioHuONCl. 

Calculated  %  N  6.88. 

Methiodide:  m.p.  246-247*  (from  alcohol). 

Found  %  N  4.32,  4.26.  CuHjoONI. 

Calculated  %  N  4.53. 

The  ether  layer  was  separated,  the  aqueous  layer  was  saturated  with  potassium  hydroxide  and  repeatedly  ex¬ 
tracted  with  ether.  The  ether  extracts  were  neutralized  with  carbon  dioxide  gas  to  a  slight  turbidity  and  dried  with 
calcined  sodium  sulfate.  After  the  ether  was  distilled  off,  the  residue  partially  crystallized.  The  crystalline 
material  was  carefully  pulverized  by  grinding,  and  was  separated  from  the  oily  product  by  washing  three  times 
with  dry  ether.  87.4  g  of  the  0 -isomer  of  (II)  was  obtained  as  a  white  crystalline  material  with  m.p.  113-114* 
(after  recrystalUzing  twice  from  benzine  or  acetone);  it  did  not  give  any  depression  in  a  mixed  melting  point 
test  with  a  previously  described  sample  [3]. 

Hydrochloride:  m.p.  221-222*  (from  alcohol). 

Found  %  N  6.89 . 6.95.  CjoH^ONCl. 

Calculated  °ht  N  6.88. 

Methiodide:  m.p.  225-226.5*  (from  alcohol). 

Found  %  N  4.40,  4.28.  CuH,oONI. 

Calculated  N  4.53. 

The  oily  residue  that  did  not  crystallize  was  distilled  in  vacuo;  the  following  fractions  were  obtained:  1st, 
b.p.  60-70*  at  3  mm,  16.45  g;  2nd,  b.p.  84-88*  at  3  mm,  42.2  g;  3rd,  b.p.  95-120*  at  3  mm,  4.6  g;  4th,  b4). 
180-191*  at  3  mm,  7.9  g. 

The  1st  fraction  was  the  starting  piperidone  (I).  The  2nd  fraction  crystallized  partially  upon  standing  for 
4  days.  The  crystalline  product  after  careful  grinding  was  separated  from  the  oily  material  by  washing  with  dry 
ether.  An  additional  20.0  g  of  the  0-isomer  of  (n)  was  obtained,  which  melted  at  111-113*,  and  was  the  practi¬ 
cally  pure  isomer.  The  3rd  fraction  quickly  crystallized.  After  recrystallization  from  water,  an  additional  4  g 
of  the  0 -isomer  of  (II)  was  obtained,  with  m.p.  113-114*.  The  4th  fraction  was  a  viscous  orange  oil,  which  quickly 
solidified  to  a  solid  ice-like  mass  and  proved  to  be  the  acetylenic  y -glycol  —  di-(l,2,5-trimethyl-4-hydtoxy-4- 
-piperldyDacetylene  (III). 

Dihydiochloride:  m.p.  290-291*  (from  alcohol). 

Found N  7.21,  7.31.  CuHj^OiNjCl,. 

Calculated  ‘fe  N  7.36. 
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Dimethiodide:  m,p.  285-286*  (from  80%  alcohol). 

Founds  N  4.59.  4.64.  CjoHjjOjNiIa. 

Calculated  %  N  4.73. 

In  all,  111.4  g  of  the  6  -isomer  of  (II)  was  isolated  in  this  experiment. 

The  oily  residue  (20.3  g)  obtained  after  distilling  off  the  ether  from  the  filtrate  was  distilled  in  vacuo  and 
had  the  appearance  of  a  viscous,  clear  material  (b.p.  84-85*  at  3  mm);  on  prolonged  standing  it  did  not  crystal¬ 
lize,  but  gradually  took  on  an  orange  color. 

Hydrochloride:  m.p.  200-201*  (after  3  recrystallizations  from  alcohol);  big,  hard,  shining  rosettes. 

Found  %  N  7.10,  7.08.  CjoHuONCl. 

Calculated  %:  N  6.88. 

When  the  alcoholic  mother  liquors  were  concentrated,  a  slight  amount  of  a  difficultly  separable  mixture 
of  the  hydrochlorides  of  the  a-  and  8 -isomers  was  isolated,  which  melted  at*214-2l9*. 

The  hydrochloride  with  m.p.  200-201*  was  converted  in  the  usual  way  to  the  oily  base,  which,  after  distil¬ 
lation  in  vacuo  (b.p.  83-85*  at  3  mm)  quickly  crystallized  completely.  After  2  recrystallizations  from  benzine, 
18,3  g  of  the  low-melting  a-lsomer  of  (H)  was  obtained  with  m.p,  73-74*. 

Found  %  N  8.32,  8.60.  CjoHnON. 

Calculated  %:  N  8.32. 

Methiodide  of  a-isomer:  m,p.  256-257*  (from  alcohol). 

Found  %:  N  4.37,  4.30.  CuHioONI. 

Calculated  %:  N  4.53. 

In  all,  176.3  g  of  the  stereoiso meric  acetylenic  alcohols  (II)  was  obtained  in  the  present  experiment.  Yield 
74.5%. 

2.  Syntheses  at  elevated  pressure.  The  preparation  of  the  acetylenic  alcohols  (H)  under  pressure  was  car¬ 
ried  out  in  special  steel  reactors,  whose  construction  and  the  method  of  carrying  out  the  syntheses  have  been  de¬ 
scribed  in  a  previous  communication  [9]. 

The  results  of  the  separation  of  the  stereoisomers  and  the  relationship  of  their  quantitative  ratio  to  pressure 
and  temperature  are  given  in  the  table. 

Di-(1 ,2,5-trimethyl-4-hydroxy-4-piperidyl)acetylene  (III).  In  a  round- bottomed,  three-necked  flask  fitted 
with  a  mechanical  stirrer,  mercury  seal,  dropping  funnel,  reflux  condenser  with  a  calcium  chloride  tube,  and  a 
tube  for  the  introduction  of  acetylene  were  placed  60  g  of  powdered  potassium  hydroxide  and  200  ml  of  dry  ether. 
While  the  mixture  was  stirred  and  cooled  with  ice  water,  56.4  g  of  l,2,5-trimethyl-4-piperldone  (I)  was  added, 
and  4.5  liter  of  acetylene  was  run  into  the  mixture  over  the  course  of  3  hours  in  a  slow  stream,  and  then  another 
4.5  g  was  added  rapidly.  The  mixture  was  further  stirred  at  room  temperature  (+20*)  for  60  hours  without  adding 
acetylene,  after  which  the  reaction  mass  was  hydrolyzed  with  160  ml  of  water.  The  ether  layer  was  separated, 
the  water  layer  was  saturated  with  solid  alkali,  and  repeatedly  extracted  with  ether.  The  combined  ether  extracts 
were  neutralized  with  carbon  dioxide  until  the  solution  became  turbid  and  were  dried  with  calcined  sodium  sulfate. 
After  the  ether  was  distilled  off,  the  oily  residue  was  distilled  in  vacuo.  The  following  fractions  were  obtained; 

1st,  b.p.  65-80*  at  3  mm,  31  g;  2nd,  b,p,  94-105*  at  3  mm,  2.7  g;  3rd,  b.p.  180-190*  at  3  mm,  14  g.  Residue 
from  distillation,  2  g. 

The  1st  fraction  was  starting  piperidone  (I),  The  2nd  fraction  was  a  colorless,  viscous  liquid  that  slowly 
started  to  crystallize  in  the  receiver.  After  recrystallization  from  water,  it  melted  at  113-114*  and  proved  to  be 
the  8 -isomer  of  the  acetylenic  alcohol  (II).  The  3rd  fraction  was  a  very  viscous,  orange  liquid  that  solidified  to 
a  solid,  ice-like  mass,  the  acetylenic  y -glycol  (III).  The  yield  was  23%. 

The  dihydrochloride  of  the  glycol  after  recrystallization  three  times  from  anhydrous  alcohol  melted  at 
290-291*  and  gave  no  depression  in  melting  point  when  mixed  with  a  sample  obtained  in  previous  experiments. 
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The  dlmethiodide  after  recrystallization  from  anhydrous  alcohol  melted  at  285-286*  and  also  gave  no  de¬ 
pression  in  melting  point  when  mixed  with  a  sample  obtained  in  the  previous  experiment. 

SUMMARY 

1.  By  the  reaction  of  1 ,2,5-trimethyl-4-piperidone  with  acetylene  in  the  presence  of  powdered  potassium 
hydroxide,  a  mixture  of  three  of  the  four  theoretically  possible  stereoisomerlc  l,2,5-trimethyl-4-ethynyl-4-piperid' 
ols  was  obtained  in  80%  yield;  this  indicates  that  the  piperidone  enters  into  reaction  with  acetylene  in  alkaline 
medium,  in  contrast  to  the  reaction  with  hydrogen  cyanide,  in  both  of  its  stereoisomerlc  forms  (cis  and  trans) 
which  occur  in  tautomeric  equilibrium. 

2.  The  quantitative  ratio  of  the  stereoisomerlc  acetylenic  alcohols  depends  upon  the  reaction  conditions 
(pressure,  temperature,  duration  of  synthesis),  and  can  be  changed  at  the  option  of  the  experimenter.  The  ratio  of 
the  stereoisomers  is  changed  most  sharply  by  increasing  the  excess  pressure  of  the  acetylene. 

In  syntheses  under  pressure,  the  predominant  stereoisomerlc  acetylenic  alcohols  in  the  mixture  are  the  low- 
melting  a-  and  the  high-melting  y -isomers,  which  correspond  to  the  unenolized  trans  form  of  1 ,2,5-trlmethyl- 
-4-piperidone  and  have  the  same  spatial  configuration  as  the  cyanohydrin  of  1 ,2 ,5- tri methyl- 4- piperidone. 

3.  An  explanation  has  been  given  of  the  relationship  of  spatial  isomerism  of  the  acetylenic  alcohols  to  the 
reaction  conditions  from  the  point  of  view  of  the  reversible  nature  of  the  synthesis  and  the  different  degree  of  dis¬ 
sociation  of  the  isomen  under  the  influence  of  potassium  hydroxide. 
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THEIR  HYDROGENATION  PRODUCTS 
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and  V.  P.  Potapova 

Voronezhskil  State  University 
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A.  E.  Chichibabin  [1]  prepared  N-aIlylqulnolone-2  by  the  reaction  of  the  potassium  salt  of  quinolone-2 
with  allyl  bromide,  and  attempted  to  synthesize  2- alloxy quinoline  from  2-chloroqulnollne  and  sodium  allylate. 
However,  on  distillation  under  normal  pressure,  the  2-alloxyquinollne  was  converted  to  N-allylqulnolone-2. 

Taking  into  consideration  the  similarity  in  the  chemical  properties  of  qulnolone-2  and  pyridone-2,  we  de> 
elded  to  carry  out  an  analogous  synthesis,  starting  with  the  sodium  salt  of  pyrldone-2,  and  we  obtained  N-allyl> 
pyridone-2  (I). 

By  the  reaction  of  2-chloropyridine  with  sodium  allylate,  2-alloxypyridlne  (II)  was  obtained,  and  to  prevent 
the  isomerization  of  the  latter  to  N-allylpyridone-2,  the  product  was  distilled  off  from  the  reaction  mixture  in 
vacuo  at  a  residual  pressure  of  1.5  mm. 

By  hydrogenation  of  the  N-allylpyridone-2  and  2-alloxypyrldine  over  Raney  nickel,  we  obtained  the  cor¬ 
responding  N-n-propylpyrldone-2  (III)  and  2-propoxypyridine  (IV). 


1  1 

1  II 

CII2— cn=ciJ2 

l.^^j;ocn2-cn=cji2 

\n'— C3H7-H. 

(1) 

(II) 

(ill) 

(IV) 

EXPERIMENTAL 

N- Allylpyridone- 2  (I) 

To  10  g  of  the  sodium  salt  of  pyridone-2  dissolved  in  20  ml  of  anhydrous  alcohol  was  added  35  g  of  allyl 
chloride.  The  mixture  was  refluxed  for  2.5  hours.  The  precipitate  of  sodium  chloride  that  separated  out  was  fil¬ 
tered  off,  washed  with  alcohol,  and  the  filtrate  was  distilled.  7.4  g  (64%)  of  colorless  oil  was  distilled  off. 

B.p.  88.5-91.5*  (1.5  mm),  n“D  1.5608,  d*®4  1.0814,  MRp  40.47;  calculated  39.49.- 

Picrate  m.p.  104.5-105.5*. 

Found  %:  N  10.32,  9.93;  C  70.93,  70.64;  H  6.6,  6.59.  M  135.5,  135.8.  CjHjON. 

Calculated  %.  N  10.37;  C  71.08;  H  6.71.  M  135.168. 

2- A  lloxy pyridine  (II) 

2  g  of  metallic  sodium  was  dissolved  in  19.5  g  of  allyl  alcohol  and  5.1  g  of  2-chloropyridine  was  added. 
The  mixture  was  refluxed  on  a  water  bath  for  2  hours.  The  precipitate  of  sodium  chloride  that  separated  out  was 
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filtered  off.  The  allyl  alcohol  was  distilled  off  from  the  filtrate,  and  the  residue  was  treated  with  water;  the  oil 
was  separated  off.  The  water  layer  was  extracted  with  ether.  The  product  with  the  ether  extract  was  dried  with 
calcined  potassium  carbonate,  and  the  ether  was  distilled  off.  The  residue  was  distilled  in  vacuo.  The  yield 
was  3.5  g  (57.7*51)).  Colorless  oil  with  the  odor  of  allyl  alcohol;  a  sample  gave  a  negative  Bellstein  test  for  halogen. 

B.p.  30-35*  (1.5  mm),  n*°D  1.5085,  d*“4  1.0234,  MRd  39.4;  calculated  40.66. 

Picrate  m.p.  105.5-106.5*.  A  mixed  sample  of  the  plcrates  of  N-allylpyridone-2  and  2-alloxypyridlne 
melted  with  a  depression  of  20*  (85-90*). 

Found  %  N  10.17,  10.09.  M  130.2,  132.1.  C,H90N. 

Calculated  N  10.36.  M  135.168. 

N-n-Propylpyridone-2  (III) 

1.5  g  of  Raney  nickel  was  added  to  13.3  g  of  N-allylpyridone-2  in  25  ml  of  alcohol.  At  a  pressure  of 
200  mm  of  water,  20*,  and  with  continuous  shaking  of  the  mixture,  2.215  ml  of  hydrogen  was  absorbed  in  3  hours 
(calculated  amount  of  hydrogen  at  755  mm  was  2383  ml).  The  catalyst  was  filtered  off,  the  alcohol  was  distilled 
off  on  a  water  bath,  and  the  residue  was  distilled.  11.95  g  (88.6*^)  of  a  colorless  oil  was  distilled  off. 

B.  P.  123-124*  (13  mm),  263.5-264*,  n*®D  1.5385,  d*®4  1.0711,  MR^  40.09;  calculated  39.96. 

According  to  the  data  of  [2],  b.p.  263-264*j,Qfj^  (730  mm). 

Picrate  m.p.  95.5-96.5*. 

•  Found  N  10.00,  10.17.  M  137.8,  138.0.  C,HuON. 

Calculated  %  N  10.22.  M  137.176. 

2-n-Propoxypyridine  (IV) 

1  g  of  Raney  nickel  was  added  to  5.593  g  of  2-alloxypyridine  in  15  ml  of  alcohol.  With  continuous  shaking 
at  a  pressure  of  200  mm  of  water  and  22*,  1060  ml  of  hydrogen  was  absorbed  (calculated  amount  of  hydrogen  at 
754  mm  was  1010  ml).  The  catalyst  was  filtered  off,  the  alcohol  was  distilled  off  on  a  water  bath,  and  the  residue 
was  distilled.  2.5  g  of  colorless  oil  was  distilled  off.  The  product  partially  distilled  with  the  alcohol,  as 

was  established  by  the  formation  of  a  picrate  in  the  alcoholic  fraction.  The  constants  of  the  substance  obtained 
agree  with  the  literature  data  [3]. 

B.p.  43*  (7  mm);  n*®D  1.4900. 

Picrate  m.p.  116.5-118*. 

Found  ‘fe  N  10.0,  9.96.  CgHijON. 

Calculated  N  10.21. 

SUMMARY 

1.  N-allylpyridone-2  was  obtained  by  the  action  of  allyl  chloride  on  the  sodium  salt  of  pyridone-2. 

2.  2-Alloxypyridine  was  synthesized  by  the  reaction  of  2-chloropyridine  with  sodium  allylate. 

3.  By  the  hydrogenation  of  N-allylpyridone-2  and  2-alloxypyridine,  the  corresponding  N-n-propylpyridone-2 
and  2-n-propoxypyridine  were  obtained. 
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In  a  recently  published  article,  a  detailed  description  was  given  for  the  synthesis  of  geranyl  chloride  by  the 
telomerlzation  of  isoprene  with  its  hydrochloride  in  the  presence  of  catalysts  —  stannic  chloride  or  zinc  chloride 
[1].  In  this  article,  the  results  of  our  further  investigations  in  search  of  other  catalysts  for  this  reaction  are  pre¬ 
sented. 

We  have  studied  the  action  on  a  mixture  of  isoprene  with  its  1,4- hydrochloride  (l-chloro-3-methylbuteiie- 
-2)  of  titanium  tetrachloride,  a  mixture  of  titanium  tetrachloride  with  stannic  chloride,  stannic  chloride  in  the 
presence  of  an  excess  of  hydrogen  chloride,  stannic  chloride  and  cupric  chloride,  ferric  chloride,  potassium  bi¬ 
fluoride,  zinc  borofluoride,  and  bismuth  bromide. 

Titanium  tetrachloride  appears  to  have  a  similar  catalytic  effect  to  that  of  stannic  chloride  on  the  yield  of 
telomer,  of  terpene  chlorides,  and  of  geranyl  chloride.  However,  titanium  tetrachloride  is  less  convenient  to  use 
because  of  its  great  hydroscopicity.  A  mixture  of  stannic  chloride  and  titanium  tetrachloride  acts  the  same  as 
pure  stannic  chloride.  In  the  presence  of  an  excess  of  hydrogen  chloride,  the  catalytic  properties  of  stannic  chlo¬ 
ride  also  are  not  improved.  The  rate  of  reaction  under  these  conditions  decreases  greatly  and  it  is  necessary  to  re¬ 
sort  to  heating. 

Cupric  chloride  does  not  have  a  noticeable  catalytic  action.  Addition  of  it  to  stannic  chloride  does  not  im¬ 
prove  the  yield  of  geranyl  chloride. 

In  the  presence  of  ferric  chloride  the  reaction  starts  only  upon  heating  to  35-37*.  While  there  is  small 
difference  in  the  amount  of  telomer,  the  terpene  content  of  the  telomer  is  one-half  and  the  yield  of  geranyl  chlo¬ 
ride  is  one- third,  or  less,  of  that  in  the  presence  of  stannic  chloride.  In  comparison  with  zinc  chloride,  zinc  boro¬ 
fluoride  has  the  advantage  that  it  can  be  used  in  the  dry  form,  and  it  is  not  necessary  to  heat  the  reaction  mixture. 

The  catalytic  action  of  bismuth  bromide  approaches  that  of  the  zinc  compounds. 

Thus,  as  a  result  of  this  investigation,  it  has  been  established  that  two  groups  of  catalysts  exist  for  the  telom¬ 
erlzation  of  isoprene  with  its  hydrochlorides.  The  catalysts  of  the  first  group  (SnCl4,  TiCl4,  FeCl3)  promote  the 
formation  of  higher  telomers.  The  catalysts  of  the  second  group  [ZnClj,  Zn(BF4)j,  BiBrs]  promote  breaking  off  of 
the  reaction  at  the  stage  of  the  formation  of  the  terpene  chlorides.  However,  the  cause  of  this  breaking  off,  as 
has  been  established  previously,  is  the  partial  cyclization  of  geranyl  chloride  to  terpenyl  chloride.  Therefore, 
the  geranyl  chloride  content  of  the  terpene  fraction  of  the  telomer  turns  out  to  be  considerably  less  than  In  the 
case  where  catalysts  of  the  first  group  are  used. 

Hydrogen  chloride  inhibits  the  beginning  of  the  telomerlzation;  however,  it  does  not  affect  its  nature. 

•  Diene  compounds.  LXXIV.  Reaction  of  dienes  with  halogen  derivatives.  X. 
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Results  of  Experiments  on  Telomerization 


Expt. 

No. 

in  sp.  gr. 
of  mix. 

Isoprene 
reacted 
(in  %) 

Amt.  of 
Lelomer 
Cin  g) 

Terpene 

chlorides 

Yield  of  geranyl 
chloride 

Catalyst 

(in  %  by 
of 

telomer) 

in  %  of  lin  %  of 
tcTpene  Itheor. 
fraction 

1 

S11CI4 

0.066 

44.3 

44.0 

33.7 

.39.3 

13.3 

2 

0.061 

38.9 

.38.9 

34.7 

46.5 

16.0 

3 

S11CI4 

0.057 

37.5 

38.4 

37.4 

49.5 

16.9 

4 

SllCl4 

0.050 

33.2 

32.5 

42.4 

48.6 

20.6 

5 

TiCU 

0.078 

43.0 

42.0 

30.2 

45.7 

1.3.7 

() 

SnCl4  TiCl4 

0.050 

.36.9 

36.9 

36.2 

50.3 

17.6 

7 

SnCU  HCl 
(gaseous) 

0.062 

32.5 

38.4 

44.3 

48.0 

21.2 

8 

SnCU  -f  HCl 
(in  ether) 

0.034 

30.0 

35.5 

36.0 

44.5 

16.2 

9 

SnCU  -f-  CuCU 

0.050 

35.6 

35.2 

40.0 

41.(» 

16.4 

10 

FcCls  in  alcohol) 

0.061 

35.7 

34.8 

18.5 

28.1 

5.2 

11 

Zn(nF4)2 

0.055 

35.3 

.34.6 

46.3 

34.8 

16.3 

12 

BiUrg 

0.053 

.39.1 

.38.3 

45.5 

36.9 

16.7 

EXPERIMENTAL 

All  the  experiments  were  carried  out  with  identical  amounts  of  isoprene  (39  g)  and  its  pri mary hydrochlo¬ 
ride  (60  g)  in  methylene  chloride  (30  g).  The  form  of  the  apparatus,  the  telomerization  conditions,  the  isolation 
and  investigation  of  the  reaction  products  did  not  differ  from  those  previously  described  in  detail  [1].  The  results 
of  the  investigations  are  given  in  the  table,  where  for  comparison  we  have  also  presented  experiments  on  the  use 
of  SnCl4  as  catalyst  with  a  different  extent  of  conversion. 

Remarks  on  Experiments  1-12 

Experiments  1-4  have  been  described  in  detail  in  the  previous  communication. 

Experiment  5.  A  n°h  solution  of  TiCl4  in  CHjCl}  (4  ml)  was  used.  When  the  catalyst  was  added,  strong 
evolution  of  heat  and  formation  of  smoke  (TiO^)  were  observed.  The  temperature  was  kept  not  higher  than  35*. 
The  reaction  was  over  in  5  min. 

Experiment  6.  A  mixture  of  solutions  of  SnCl4  and  TICI4  in  CHjCl)  was  used. 

Experiment  7.  1.5  ml  of  5%  solution  of  SnCl4  in  CH2CI2  was  added  to  the  reaction  mixture,  and  a  current 
of  dry  HCl  was  passed  through.  The  reaction  was  carried  out  at  12*  for  1  hour  and  45  min. 

Experiment  8.  Ether  (10  ml)  saturated  with  HCl  was  added  to  the  reaction  mixture.  Then  2  ml  of  5%  solu¬ 
tion  of  SnCl4  in  CHjCl]  was  added.  The  reaction  did  not  start.  After  addition  of  another  3.5  ml  of  the  same  solu¬ 
tion  of  the  catalyst  and  heating  to  27*,  the  reaction  started  and  was  ended  in  2  hours  35  min. 

Experiment  9.  0.5  g  of  cupric  chloride  (CuCl^  *  2H2O)  in  1  ml  of  alcohol  was  added.  Reaction  did  not  go. 
We  succeeded  in  starting  the  telomerization  by  the  addition  of  1.5  ml  of  SnCl4  in  CH2CI2,  and  heating  to  27*.  At 
this  temperature,  the  reaction  was  concluded  in  3  hours  10  min. 

Experiment  10.  Ferric  chloride  (anhydrous)  was  added  in  25%  methanol  solution  (3.7  ml).  The  reaction 
started  only  upon  heating  to  35-37*.  At  this  temperature,  it  was  concluded  at  the  end  of  15  min. 

Experiment  11.  0.7  g  of  zinc  bifluoride  was  added  in  the  dry  form.  A  rise  in  temperature  was  observed. 

The  reaction  was  carried  out  at  20*  with  external  cooling  in  1  hour  5  min. 

Experiment  12.  0.2  g  of  bismuth  bromide  was  added.  The  reaction  was  accompanied  by  the  evolution  of 
heat.  It  was  carried  out  at  30*  in  2  hours. 
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SUMMARY 


1.  The  telomeilzatioin  of  isoprene  with  its  1,4-hydrochloride  In  the  presence  of  different  catalysts  has  been 
investigated. 

2.  It  has  been  established  that  all  the  catalysts  investigated  can  be  divided  into  two  groups  on  the  basis  of 
the  nature  of  their  action.  Catalysts  of  the  first  group  promote  the  formation  of  higher  telomers.  Catalysts  of 
the  second  group  with  the  same  extent  of  conversion  give  a  larger  yield  of  terpene  chlorides,  but  their  geranyl 
chloride  content  is  lowered. 

LITERATURE  CITED 

[1]  A.  A.  Petrov,  Kh.  V.  Bal'yan,  Yu.  I.  Kheruze,  E.  Yu.  Shvarts  and  L.  L.  Cherenkova,  J.  Gen.  Chem.  28, 
1435  (1958).  • 
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INVESTIGATIONS  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 
C.  THE  ORDER  OF  ADDITION  OF  BROMINE  TO  PHENYLBUTENYNES* 

A,  A,  Petrov  and  T.  V.  Yakovleva 
Lensovet  Technological  Institute ,  Leningrad 
Original  article  submitted  May  31, 1958 


It  has  been  shown  previously  that  the  closest  homologs  of  vlnylacetylene.  which  differ  In  the  position  of  the 
methyl  group,  add  bromine  differently.  Penten-l-yne-3  and  2-methylbuten-l-yne-3  add  bromine  at  the  double 
bond,  penien-3-yne-l,  like  unsubscituted  vlnylacetylene,  at  the  triple  bond,  and  In  the  1,4- position  [1],  These 
peculiarities  In  the  order  of  addition  of  bromine  were  explained  on  the  basis  of  an  assumed  shift  of  the  electron 
cloud  of  the  conjugated  system  under  the  influence  of  the  methyl  group,  as  a  result  of  which  the  double  bond  Is 
activated  In  the  first  two  instances,  and  the  triple  bond  in  the  last  ones. 


Infrared  absorption  spectra;  l)  solution  of  l-phenylbuten-3-yne-l  in  CCI4;  2)  solution  of  its 
bromination  products;  3)  solution  of  l-phenylbuten-l-yne-3  in  CCI4:  4)  solution  of  its 
bromination  products. 


Enyne  compounds  XXVI. 


Most  Important  Frequencies  of  the  Infrared  Spectra  of  the  Hydro¬ 
carbons  and  Their  Bromides  (solutions  in  CCl4)* 


C,H,-C=C-CH=CH, 

Bromides 

C,H,-Cll=CH-C=CH 

Bromides 

680  8 

680  s 

685  vs 

687  s 

— 

849  m 

835  m 

860  vs 

— 

878  m 

875  w 

— 

915  vs 

915  s 

915  s 

9i5  w 

957  s 

957  s 

954  vs 

954  s 

1U28S 

1028  s 

1032  m 

1032  m 

1069S 

1070  s 

1070  m 

1070  m 

1081  m 

— 

_  1 

— 

— 

1130  vs 

1134  m 

1134  m 

1156  w 

— 

1152  w 

1149  s 

1175  w 

1170  s 

1180  m 

1185  vs 

— 

1208  m 

12(  5  m 

— 

1260  m 

— 

1268  w 

1268  w 

1277  m 

1277  m 

— 

— 

1289  m 

— 

1291  w 

1291  w 

1326  w 

1333  s 

1333  w 

1333  w 

1410  m 

1408  w 

1404  w 

— 

— 

1428  s 

— 

— 

1442  s 

1442  s 

1454  s 

1454  vs 

1490  s 

1486  s 

1492  s 

1492  vs 

1600  s 

1(503  s 

1600  m 

1600  m 

1631  m 

— 

— 

1623  m 

1668  w 

1670  s 

— 

1845  s 

1845  m 

— 

1874  s 

1879  m 

1876  vw 

1874  ovw 

1891  m 

1891  m 

1891  vw 

1892  ovw 

1946  s 

l!>48  m 

1945  w 

1947  w 

1963  m 

1965  m 

1962  w 

1958  w 

_ 

— 

2094  w 

— 

_ 

— 

2103  w 

— 

2184  m 

2193  m 

— 

— 

2220  s 

2220  m 

-- 

— 

2245  o.vw 

2242  s 

— 

— 

2918  m 

2974  m 

2!>23  w 

2!>79  m 

— 

— 

3011  o.vs 

3  20  s 

3023  s 

3027  m 

3037  0.  vs 

3' '35  s 

— 

— 

3054  0.  vs 

.3060  vs 

30(50  m 

3060  m 

3080  o.vs 

.3084  vs 

3082  m 

3080  m 

.3099  0.  vs 

31(K)  m 

— 

— 

— 

— 

3.300  vw- 

•Designations  of  intensities  (v.s.  —  very  strong, £  -  strong,  m  — 
medium,  w  -  weak,  v.w.—  very  weak)  relate  to  a  0.25-mm  layer 
of  hydrocarbon  (H)  and  a  1-mm  layer  of  (I). 

It  was  of  interest  to  compare  these  data  with  data  on  the  order  of  addition  of  bromine  to  phenyl  derivatives 
of  vinylacetylene  of  various  structures.  For  this  purpose,  we  determined  the  order  of  addition  of  the  first  molecule 
of  bromine  to  two  isomeric  phenyl- substituted  vinylacetylenes:  l-phenylbuten-3-yne-l  (I)  and  1-phenylbuten-l- 
-yne-3  (II).  In  the  literature,  corresponding  data  are  absent;  only  the  addition  to  the  two  hydrocarbons  of  two 
molecules  of  bromine  with  the  formation  of  crystalline  tetrabromides  is  described  [2]. 

To  avoid  isomerization  and  polymerization  of  the  dibromides  upon  heating,  they  were  not  isolated  from  the 
solutions  in  pure  form.  The  structures  of  the  dibromides  were  judged  on  the  basis  of  a  comparison  of  the.  Infrared 
spectra  of  solutions  of  the  hydrocarbons  (I)  and  (II)  in  CCI4  with  solutions  of  the  products  of  their  bromlnation  with 
one  molecule  of  bromine  in  the  same  solvent.  It  had  been  shown  previously  that  study  of  the  infrared  spectra 
permits  reliable  establishment  of  the  structure  of  the  products  of  addition  of  halogens  to  vlnylacetylenic  hydro¬ 
carbons  [1 ,3]. 

In  the  Infrared  spectrum  of  hydrocarbon  (I)  the  frequencies  3099,  1631, 957,  and  915  cm"^  correspond  to  the 
vinyl  group,  and  the  frequencies  2184,  2220,  and  2245  cm  ^  to  the  acetylenic  bond.  In  the  Raman  spectrum  of 
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this  hydrocarbon,  the  multiple  bonds  are  characterized  by  the  frequencies  1631,  2186,  and  2223  cm”^  [4],  In  the 
infrared  spectrum  of  hydrocarbon  (II)  the  frequencies  1600  and  954  cm"*  correspond  to  the  ethylene  grouping,  and 
3300,  2094,  and  2103  cm"*  to  the  acetylenic  group.  In  the  Raman  spectrum,  similar  frequencies  are  present  for 
the  multiple  bonds  —  1611  and  2104  cm"*  [4]. 

In  the  figure,  transmission  curves  are  given  for  solutions  in  CCI4  of  hydrocarbons  (I)  and  (n)  and  their  bromi- 
nation  products.  The  conesponding  frequencies  are  compared  in  the  table.  From  these  data,  it  can  be  seen  that 
in  the  bromination  of  hydrocarbon  (I)  the  triple  bond  is  practically  not  involved,  additional  absorption  in  the  re¬ 
gion  1950  cm"*  (the  region  of  absorption  of  the  allene  group)  does  not  arise,  and  absorption  in  the  region  1600  to 
1650  cm”*  diminishes  (the  frequency  1631  cm”*  disappears). 

Thus,  bromination  of  hydrocarbon  (I)  goes  predominantly  at  the  double  bond  with  the  formation  of  the  acetyl¬ 
enic  dibromide: 


Ceflo— C=C— CH  Hr— CUzHr 


It  is  possible  that  the  vinyl  group  is  not  completely  consumed,  and  the  bromine  is  partially  expended  in  the 
formation  of  the  tetrabromide ,  since,  in  the  bromide  spectrum,  the  frequencies  of  the  acetylenic  group  of  the  hy¬ 
drocarbon  (2193  and  2220  cm"*)  are  preserved  along  with  a  reinforcement  of  the  frequency  of  the  unconjugated 
acetylenic  bond  2242  cm"*.  Also,  the  deformation  frequencies  of  the  vinyl  group  (915  and  957  cm"*)  are  preserved. 
Similar  phenomena  have  been  observed  on  hydrogenation  and  bromination  of  vinylalkylacetylenes  [1 ,5]. 

As  a  result  of  the  bromination  of  hydrocarbon  (II),  the  frequencies  connected  with  the  presence  of  the  triple 
bond  (3300,  2094,  and  2103  cm"*)  disappear  completely,  and  the  absorption  in  the  region  1950  and  1620  cm"*  is 
strengthened.  These  data  Indicate  the  addition  of  bromine  in  the  1,4- position  and  at  the  acetylenic  bond  with 
the  formation  of  the  dibromides: 

Celis— GHBr— C[I=C=CHBr  &  Callg— GH=GH— CBr=CHBr 

Thus,  as  a  result  of  this  investigation,  it  has  been  established  that  when  the  position  of  the  phenyl  group  is 
changed  in  the  vinylacetylenic  system,  the  order  of  addition  of  bromine  changes  in  the  same  way  as  in  the  case 
of  a  shift  of  a  methyl  group.  Apparently,  the  site  of  the  Initial  attack  and  of  the  addition  of  the  whole  molecule 
of  bromine  depends  on  the  distribution  of  the  electron  density  in  the  conjugated  system. 

CjH^CsC^ChAh,  ciHr^CH=^Di^C=^H 

(I)  (10 

The  dipole  moments  of  the  phenylvinylacetylenes  favor  some  shift  of  the  electron  cloud  toward  the  end 
carbon  atom  under  the  influence  of  the  phenyl  group.  The  dipole  moment  of  the  hydrocarbon  (I)  is  much  decreased 
(0,27D),  and  on  the  other  hand,  the  dipole  moment  of  hydrocarbon  (II)  is  increased  (0.97D)  in  comparison  with  the 
moment  of  vinylacetylene  (0,77D)  [6].  Consequently,  the  phenyl  radical  in  the  first  instance  opposes  the  usual 
shift  of  the  electrons  in  the  vinylacetylene  system  in  the  direction  of  the  acetylenic  bond,  and  in  the  second  in¬ 
stance  it  reinforces  this  shift.  The  infrared  spectrum  of  hydrocarbon  (I)  is  distinguished  by  a  more  intense  absorp¬ 
tion  in  the  region  1600-1650  cm"*  in  comparison  with  the  spectrum  of  hydrocarbon  (n),  which  also  indicates  a 
shift  of  the  electron  cloud  in  the  first  compound  toward  the  ethylenic  bond  [7],  Probably  at  the  moment  of  the 
electrophilic  attack  of  the  bromine  molecule  this  static  effect  reinforces  the  dynamic  effect  that  acts  in  the  same 
direction.  It  also  should  be  taken  into  account  that,  in  both  instances,  the  end  carbon  atoms  appear  to  be  the  most 
sterically  available. 

EXPERIMENTAL 

The  starting  hydrocarbons  were  prepared  in  our  laboratory  by  N,  A,  Borovikova  and  Yu.  I.  Kheruze;  1-phenyl- 
buten-3-yne-l  by  the  dehydration  over  potassium  hydroxide  of  l-phenylbutyne-l-ol-4,  and  1-phenylbuten-l-yne- 3 
by  the  dehalogenation  of  the  reaction  product  of  vinylacetylene  with  phenyldiazonlum  chloride  [8].  Both  hydro¬ 
carbons  had  constants  close  to  those  given  in  the  literature. 

Bromination  was  carried  out  in  lO^i/o  solution  of  the  hydrocarbon  in  CCI4  with  a  15*70  bromine  solution  (with 
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10^  excess)  in  the  same  solvent.  The  solutions  after  bromination  were  brought  to  a  given  volume  (10  ml).  Solu¬ 
tions  of  the  hydrocarbons  of  the  same  molar  concentration  were  prepared  simultaneously. 

The  Infrared  spectra  were  determined  In  an  IKS- 14  spectrophotometer  up  to  5p  with  a  LiF  prism,  and  from 
there  on  with  a  NaCl  prism.  The  experimental  data  are  given  In  the  table  and  the  figure. 

summary’ 

1.  The  order  of  addition  of  bromine  to  the  Isomeric  phenylvlnylacetylenes  l-phenylbuten-3-yne-l  and 
l-phenylbutcii-l-yne-3  has  been  determined  by  the  method  of  Infrared  spectroscopy. 

2.  It  has  been  shown  that  l-phenylbuten-3-yne-l  adds  bromine  at  the  double  bond,  but  Its  Isomer  adds  at 
the  triple  bond  and  in  the  1 ,4- position. 

3.  An  explanation  has  been  given  for  this  mechanism  on  the  basis  of  the  theory  of  electron  shifts. 
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THE  INTERACTION  OF  TETRAHYDROFURAN  WITH  HALOSILANES 
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Original  article  submitted  April  18,  1958 


The  organic  oxides  whose  chemical  properties  have  been  studied  most  thoroughly  are  the  olefinic  oxides. 

The  diversity  of  their  reactions  is  associated  with  the  facility  of  cleavage  of  the  a -oxide  ring  under  the  action  of 
various  chemical  agents  to  give  aliphatic  compounds  containing  various  functional  groups. 

Much  less  attention  has  been  paid  to  the  chemical  transformations  of  y  -oxides  —  tetrahydrofuran  and  its 
homologs.  These  are  characterized  by  a  considerably  poorer  reactivity.  Their  utilization  in  organic  syntheses  is 
extremely  important  due  to  the  possibility  of  converting  them  into  1,4-bifunctional  derivatives  of  the  aliphatic 
series,  and  to  the  fact  that  tetrahydrofuran  derivatives  are  fairly  easily  accessible  and  cheap  starting  substances. 

Papers  have  been  published  on  the  susceptibility  of  the  tetrahydrofuran  ring  to  cleavage  under  the  action  of 
hydrogen  halides  [1-5],  metal  halides  [6],  and  chlorides  of  organic  and  inorganic  acids  [7,8].  Alexander  and 
Schniepp  [8]  studied  the  reaction  of  tetrahydrofuran  with  POCI3,  SiCl4,  and  SOCl}  in  presence  of  H2SO4  or  ZnClx, 
and  obtained  only  4,4-dichlorobutyl  ether.  Sauer  [9]  heated  tetrahydrofuran  with  dimethyldichlorosilane  in  pres¬ 
ence  of  AICI3  at  125-130*  and  obtained  1 ,4-dichlorobutane  together  with  polysiloxanes.  Cumada  and  Hattori 
established  [10]  that  treatment  of  some  ethers  with  halosllanes  in  a  closed  vessel  at  180-190*  leads  to  good  yields 
of  organic  mono-  and  dihalides.  For  example,  the  reaction  of  tetrahydrofuran  with  SiCl4,  C3H5SiCl3  and 
(CH3)|{SiBr2  gave  1,4-dihalobutanes,  while  tetrahydropyran  and  (CHx^xSiBrx  gave  1,4-dibromopentane.  It  should  be 
noted  that  in  all  of  the  above  investigations  the  tetrahydrofuran  ring  was  cleaved  at  both  of  the  C— O  bonds  with 
elimination  of  the  oxygen  atom,  with  the  result  that  1 ,4-dihaloalkanes  were  obtained  from  tetrahydrofuran  and  its 
homologs. 

We  recently  established  [11]  that  tetrahydrofuran  enters  into  reaction  with  silicon  tetrachloride  under  the 
catalytic  Influence  of  anhydrous  zinc  chloride  and  gives  1 ,4-dlchlorobutane  and  di(6  -chlorobutoxy)-dichlorosllane. 
The  second  compound  predominates. 

In  the  present  work,  we  studied  the  reaction  of  tetrahydrofuran  with  alkyl-  and  arylchlorosilanes  contain¬ 
ing  two  or  three  atoms  of  chlorine.  It  was  found  that  the  reaction  only  goes  in  presence  of  anhydrous  zinc  chlo¬ 
ride.  It  also  goes  in  different  directions,  depending  on  the  number  of  chlorine  atoms  in  the  chlorosilane  molecule. 

Methyldichlorosilane  and  dimethyldichlorosilane  cleave  the  tetrahydrofuran  ring  at  both  of  the  C—  O  bonds 
with  formation  of  1 ,4-dichlorobutane  as  the  main  product: 


I  |-i-(cn3).,sici., y'- 


(I) 


The  reaction  of  tetrahydrofuran  with  alkyl-  and  aryltrichlorosilanes  differs  from  that  with  dichlorosilanes 
in  that  the  ring  is  opened  at  one  C— O  bond  and  chloro- substituted  esters  of  orthosilicic  acid  are  formed; 

It 


\(»/ 


(II) 


jt  =  ni  .  r.ii.  or 
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TABLE  1 


Products  of  Reaction  of  Alkyl-  and  Arylchlorosilanes  with  Tetrahydrofuran  In  Presence 
of  Zinc  Chloride 


Alkyl-  and  aryl¬ 
chlorosilanes 

Amount  of  halo¬ 
silane  (moles) 

Amount  of 
ZnClj  (g) 

Reaction  products  and  yields 
(ln%) 

CHjSiHCl, 

1 

2 

1 ,4-Dichlorobutane  (73) 

(CHjl^SlCl, 

1 

0.5 

1 ,4-Dichlorobutane  (68) 

CHjSiCls 

1 

0.5 

1 ,4-Dichlorobutane  (9), 
methyl-(6  -chlorobutoxy  )- 
-dlchlorosilane  (79) 

CjHgSlClj 

2 

1 

1 ,4-Dichlorobutane  (12), 
ethyl-(6  -chlorobutoxy  )- 
-dlchlorosilane  (82) 

CeHaSiCl, 

1 

0.5 

1 ,4-Dlchlorobutane  (4), 
phenyl-(6  -chlorobutoxy  )- 
-dlchlorosilane  (88) 

C,H5 

^Si-0(CH,)^1 

cv  1 

Cl 

0.37 

0.2 

1,4-Dichlorobutane  (75) 

In  all  cases,  the  reaction  in  the  direction  of  formation  of  product  (II)  goes  with  high  yields  (80-90%)  of 
mono(5  -  chlorobutoxy  h  dichlorosilanes . 

Two  of  the  chlorine  atoms  in  mono(6 -chlorobutoxy )“dichlorosilane  are  active,  but  they  react  with  tetra¬ 
hydrofuran  mainly  in  the  direction  of  formation  of  1 ,4-dichlorobutane: 

□  4  n— Si-()r.n,CH2Cllo(:il,  — ^  Clla— CHj-CIIa-CHa 

y\  '  ‘I  ■  I  I 

Cl  Cl  Cl  Cl  Cl 

Evidently,  the  two  chlorine  atoms  in  RiRgSiCli,  where  Rj  and  Rf  can  be  alkyl  or  alkoxy  or  a  hydrogen  atom, 
must  be  endowed  with  the  special  ability  to  cleave  the  tetrahydrofuran  ring  at  both  of  the  C— O  bonds  with  forma¬ 
tion  of  1,4-dichloroalkane.  This  would  explain  why  no  appreciable  quantities  of  di-  and  tri(6 -chlorobutoxy)- 
-silanes  are  formed  in  the  reaction  of  alkyl-  and  aryltrichlorosilanes  with  tetrahydrofuran. 

EXPERIMENTAL 

The  tetrahydrofuran  used  in  the  work  was  isolated  from  the  technical  product,  and  after  distillation  it  had 
b.p,  64*  (753  mm),  n*®D  1.4079,  and  d*®4  0.8876.  Methyltrichlorosilane  boiled  at  63-65*  (749  mm),  ethyltrichloro- 
sllane  at  99-100*,  phenyltrichlorosllane  at  200*,  methyldichlorosilane  at  39-40*,  and  dimethyldichlorosllane  at 
69-70*. 

Comparable  results  in  the  experiments  on  the  study  of  reactions  of  tetrahydrofuran  with  halosilanes  were 
ensured  by  operation  under  identical  conditions  by  the  following  procedure. 

Equimolar  quantities  of  tetrahydrofuran  and  halosilane  are  placed  in  a  flask  fitted  with  a  reflux  condenser, 
and  a  small  quantity  of  anhydrous  zinc  chloride  (catalyst)  is  introduced.  The  reaction  mixture  is  heated  to  the 
boil  for  14  hours.  Unchanged  tetrahydrofuran  and  halosilane  are  removed  by  distillation,  and  the  reaction  products 
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TABLE  2 

Chloro-Substituted  Esters  of  Orthosilicic  Acid  of  the  Type  of 

R— SiCla 

\ 

OiCHahCI 


u 

Boiling  point  (pres¬ 
sure  in  mm) 

„») 

Found  00) 

Calculated  0o) 

c 

ii 

Cl 

SI 

c 

If 

Cl 

SI 

Clla 

49.5—50°  (3). 
205.5— 2(M»  (747) 

1.4437 

27.46 

.5.19 

47.70 

13.13 

27.13 

5.01 

48.06 

12.22 

CsHj 

104.5(5),  114(21). 
224-225(747) 

1.4465 

30.62 

5..56 

44.66 

12.22 

30.61 

5.56 

45.19 

11.92 

299—301  (747) 

1..5040 

42.61 

4.73 

36.70 

10.21 

42.34 

4.62 

37.50 

9.89 

are  fractionally  distilled  under  reduced  pressure  in  a  glass-packed  column.  Hydrolysis  of  the  resulting  alkyl-  or 
aryl-(6-chlorobutoxy)-silanes  gives  4-chloro-l- butanol  with  b.p.  80-81*  (10  mm),  n*®D  1,4517  and  d**4  1.0884. 

Experimental  conditions  and  yields  of  reaction  products  are  set  forth  in  Table  1. 

The  properties  of  the  chloro- substituted  esters  of  orthosilicic  acid,  now  prepared  by  us  for  the  first  time, 
are  set  forth  in  Table  2. 

These  esters  are  colorless  liquids  with  a  pungent  odor,  distilling  without  decomposition  at  atmospheric  pres¬ 
sure  and  easily  soluble  in  common  organic  solvents. 

SUMMARY 

1.  Reaction  of  tetrahydrofuran  with  alkyl-  and  arylchlorosilanes  goes  in  different  directions,  depending  on 
the  number  of  chlorine  atoms  in  the  molecule  of  chlorosilane. 

2.  Dlchlorosilanes  cleave  the  tetrahydrofuran  ring  at  both  of  the  C— O  bonds  with  formation  of  1 ,4-dichloro- 
butane  as  the  main  product. 

3.  Reaction  of  tetrahydrofuran  with  alkyl-  and  aryltrichlorosilanes  goes  with  opening  of  the  ring  mainly  at 
one  C— O  bond  with  formation  of  the  corresponding  chloro-substituted  esters  of  orthosilicic  acid:  alkyl-  and  aryl- 
-  (5  -  chlorobutoxy  h  dlchlorosilanes. 
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SYNTHESIS  OF  2- (3  ’  ,4  ‘ .  5  *  -  T  RIME  TH  OX  YBE  N  Z  Y  D- BE  N  Z IMID  A  Z  OLE 


N.  I.  Kudryashova,  L.  R.  Davidenkov  and  N.  V.  Khro mo v~ Borisov 
Institute  of  Experimental  Medicine,  Academy  of  Medical  Sciences,  USSR 
Original  article  submitted  May  20,  1958 


Certain  alkaloids  of  pharmacological  value  (reserpine,  mescaline,  etc.),  contain  the  3,4,5-trimethoxyphenyl 
radical  in  their  molecule.  The  role  of  this  radical  in  the  pharmacological  activity  of  such  compounds  can  be 
examined  by  a  comparative  study  of  already  well-known  therapeutic  agents  containing  the  phenyl  radical  on  the 
one  hand,  and  of  similarly  constituted  compounds  containing  the  3,4.5-trimethoxyphenyl  radical  on  the  other  hand. 

In  the  present  work,  we  describe  the  synthesis,  and  report  some  properties,  of  2-(3*,4*,5*-trimethoxybenzyl>‘ 
-benzimidazole  (ni),  which  is  the  trimethoxy  derivative  of  the  well-known  therapeutic  agent  dibasol  (2-benzyl- 
-benzimidazole). 


We  found  that  2-(3*,4',5*-trimethoxybenzyl)-benzlmidazole  (lU)  is  easily  synthesized  by  condensation  of 
o-phenylenediamine  (I)  with  3,4,5-trlmethoxyphenylacetlc  acid  (II): 


The  most  awkward  problem  in  this  connection  is  the  preparation  of  acid  (II).  Although  it  was  first  described 
in  1893  [1],  a  convenient  method  of  preparation  of  this  acid  has  not  hitherto  been  proposed. 

We  synthesized  acid  (II)  by  the  following  route: 


IK)— COOH 


110^ 


(IV) 


Il3CO-<(_>. 

HsCO'^ 

(V) 


IlaCO' 


HaCOv^ 

HaCO— CON  H  N  Ha 


HaCO^^ 


H3CO' 


HaCO^ 

H3C0-<^ 


(VII) 


H3CO 


(VI) 

;0 


(VIII) 


CO— O 


HsCO 


'\n= 


H3CO, 

H3CO— /  GHaCOOr.Ua 


(IX) 


I 


HaCO^ 


(X) 
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HaCO^ 

— »►  HaCO-'f^^^^^-CMaOUOII 
HaCO^ 

(W) 

The  starting  substance  was  gallic  acid  (IV),  which  was  methylated  with  dimethyl  sulfate  to  give  3.4.5-tri- 
methoxy benzoic  acid  (V).  The  latter  was  converted  to  the  methyl  ester  (VI)  by  heating  in  methyl  alcohol  in 
presence  of  sulfuric  acid.  The  ester  (VI)  can  also  be  obtained  by  passage  of  dry  hydrogen  chloride  into  a  suspen¬ 
sion  of  3,4,5-trimethoxybenzoic  acid  in  methyl  alcohol  [2],  The  hydrazide  of  3,4,5-trimethoxybenzoic  acid  (VII) 
was  prepared  from  methyl  ester  (VI),  Oxidation  of  the  hydrazide  with  fx>tassium  ferricyanide  gave  3,4,5-trimethoxy- 
benzaldehyde  (VIII).  Condensation  of  this  aldehyde  with  hippuric  acid  led  to  the  corresponding  azlactone  (IX). 

The  next  three  operations  of  hydrolysis,  oxidation  with  hydrogen  peroxide  and  esterification  were  effected  without 
isolation  of  intermediate  products.  The  resulting  mixture  of  methyl  esters  of  3 ,4,5-trimethoxyphenylacetic  and 
benzoic  acids  was  easily  fractionated  in  vacuo.  Saponification  of  the  methyl  ester  of  trimethoxyphenylacetic 
acid  gave  3,4,5-trimethoxyphenylacetic  acid, 

3.4.5- Trimethoxyphenylacetic  acid  can  also  be  obtained  via  hydrolysis  of  the  azlactone  and  Isolation  of 
trimethoxyphenylracemic  acid  in  the  form  of  the  water-soluble  bisulfite  derivative.  Trlmethoxyphenylracemic 
acid  was  isolated  from  the  latter  and  oxidized  with  hydrogen  peroxide  to  trimethoxyphenylacetic  acid,  but  the 
yield  is  very  much  lower  than  by  the  first  variant. 

Although  our  proposed  synthesis  of  3,4,5-trimethoxyphenylacetic  acid  also  has  many  steps,  each  of  them 
goes  very  smoothly.and  difficultly  accessible  reagents  are  not  required.  In  the  development  of  this  method,  we 
successfully  made  use  of  several  techniques  that  were  used  in  the  synthesis  of  3 ,4-dimethoxyphenylacetlc  acid  [3]. 

,  Condensation  of  3,4,5-trimethoxyphenylacetic  acid  with  o-phenylenediamine  goes  smoothly  when  equimolar 
quantities  of  the  components  are  heated  at  180*.  We  failed  to  obtain  2-(3*,4*,5*-trimethoxybenzyl)-benzimidaz- 
ole  by  the  method  of  A.  Phillips,  i.e.,  by  many  hours’  boiling  of  a  mixture  of  3,4,5-trimethoxyphenylacetic  acid, 
o-phenylencdiamine,  and  15%  hydrochloric  acid.  Under  these  conditions,  the  formation  of  the  imidazole  ring 
evidently  goes  concomitantly' with  hydrolysis  of  the  methoxy  groups,  and  a  mixture  of  benzimidazoles  with  meth- 
oxy  and  hydtt>xy  groups  is  formed  which  we  were  unable  to  fractionate. 

A  preliminary  pharmacological  examination  of  2-(3*,4’,5'-trlmethoxybenzyl)-benzimidazole  by  O.  D. 

Kozlov  showed  that  it  resembled  dibasol  in  possessing  a  certain  hypotensive  and  spasmolytic  activity. 

EXPERIMENTA  L 

Methyl  3,4,5-trimethoxybenzoate  (VI).  3,4,5-Trimethoxybenzoic  acid  was  prepared  from  gallic  acid  by 
the  literature  method  [4]. 

A  mixture  of  56.5  g  of  this  acid,  420  ml  methyl  alcohol,  and  17  ml  concentrated  H2SO4  was  refluxed  1,5  hr. 
The  still-warm  liquid  was  carefully  neutralized  with  a  solution  of  50  g  sodium  carbonate  in  400  ml  water.  After 
cooling,  the  resulting  crystals  were  collected,  washed  with  water,  and  dried.  Yield  48,5  g  (80,5%),  m.p,  81-83*, 

Hydrazide  of  3,4,5-trimethoxybenzoic  acid  (VIl).  The  literature  method  [5]  was  used  for  the  preparation. 

A  mixture  of  25,7  g  methyl  ester  of  trimethylgallic  acid,  13.8  ml  90%  hydrazine  hydrate,  13.8  ml  water,  and 
46  ml  methyl  alcohol  was  gently  refluxed  in  a  flask  for  2  hrs.  After  cooling,  the  crystals  were  filtered,  washed 
2-3  times  with  cold  water,  and  dried.  Yield  22,1  g  (85,5%),  m.p.  128-130*. 

3 .4.5- Trimethoxybenzaldehyde  (Vin).  29,6  g  hydrazide  of  3,4,5-trimethoxybenzoic  acid,  595  ml  water, 
and  65  ml  24%  ammonia  were  placed  in  a  three-necked  flask.  A  solution  of  157  g  potassium  ferricyanide  in 
700  ml  water  was  gradually  stirred  in.  Stirring  was  continued  for  30  min  after  the  addition.  The  precipitate  was 
filtered  and  washed  with  water.  The  filtrate  was  extracted  3  times  with  ether  and  the  ethereal  extract  was  washed 
with  3%  hydrochloric  acid,  with  water,  and  with  5%  sodium  carbonate  solution.  The  ether  was  driven  off  and  the 
residue  was  poured  into  a  crystallizer  where  it  crystallized  quickly  when  cooled.  Yield  13,8  g  (53.8%),  m.p.  71-73*. 

Azlactone  (IX).  This  is  very  easily  prepared  by  the  method  proposed  for  preparation  of  the  azlactone  of 
veratraldehyde  [6],  13.6gof  3,4,5-trlmethoxybenzaldehyde,  13.4  g  hippuric  acid,  5.57  g  fused  sodium  acetate. 
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and  19.6  ml  acetic  anhydride  were  thoroughly  stirred  and  heated  on  an  electric  hotplate  until  solution  was  com¬ 
plete;  the  solution  acquired  an  orange  color.  The  mixture  was  then  heated  2  hr  on  a  water  bath.  At  the  end  of 
this  period,  29  ml  alcohol  was  added  and  the  mass  left  overnight.  Orange  crystals  came  down  and  were  filtered, 
washed  with  hot  water,  and  dried.  Yield  15.45  g  (70.5%),  m.p,  161-164*. 

Methyl  3 .4,5-trimethoxyphenylacetate  ()0_was  prepared  by  a  method  similar  to  that  for  the  preparation  of 
the  methyl  ester  of  homoverartric  acid  [3],  15.4  g  azlactone  and  70  ml  10%  sodium  hydroxide  solution  were  re¬ 
fluxed  in  a  flask  for  6  hrs.  The  flask  was  thereupon  cooled  with  a  mixture  of  ice  and  salt;  6  ml  40%  sodium  hy¬ 
droxide  solution  was  added,  and  11  ml  15%  hydrogen  peroxide  was  gradually  run  in  dropwise.  The  reaction  mix¬ 
ture  was  worked  up  as  in  the  preparation  of  the  methyl  ester  of  homoveratic  acid  [3].  Yield  4.4  g  (40%),  m.p. 
139-140*  (1  mm)  [7). 

3,4,5-Trimethoxyphenylacetic  acid  (n).  Methyl  3, 4,5-trimethoxyphenylacetate  (4.1  g)  was  saponified  by 
cautious  refluxing  with  13  ml  10%  sodium  hydroxide  solution.  The  resulting  solution  was  poured  into  a  mixture 
of  6.5  ml  concentrated  hydrochloric  acid  and  18  g  ice.  After  standing  for  half  an  hour,  the  precipitate  was  fil¬ 
tered.  Yield  nearly  quantitative.  M.p.  119-121*  after  recrystallization  from  a  mixture  of  benzene  and  ligrolne 
(2:1). 

2-(3*,4*,5*-Trlmethoxybenzyl)-benzimldazole  (in)  hydrochloride.  1.5  g  of  3,4,5-trimethoxyphenylacetlc 
acid  and  0.93  g  twice  recrystallized  o-phenylenediamlne  were  placed  In  a  test  tube  and  heated  on  a  bath  of 
Wood's  alloy  at  180*  for  15  min  (until  water  ceased  to  come  off).  The  hot,  liquid  melt  (colored  violet)  was  then 
poured  into  40  ml  dilute  hydrochloric  acid  (1:4).  Crystals  came  down  and  were  filtered,  recrystallized  from 
15  ml  water  (containing  active  carbon),  and  again  recrystallized  from  10  ml  water.  Yield  1.5  g  (68.1%),  m.p. 
194-198*. 

Found  %;  N  8.23,  8.12.  CitHuQjNiHCI. 

Calculated  %:  N  8.37.  • 

SUMMARY 

1.  A  laboratory  method  for  preparation  of  3,4,5-trimethoxyphenylacetic  acid  was  presented. 

2.  2-(3',4’,5'-Trimethoxybenzyl)-ben2imidazole,  not  previously  described  in  the  literature,  was  synthesized. 

3.  The  synthesized  preparation  was  found  to  possess  hypotensive  and  spasmolytic  activity. 
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UNSYMMETRICAL  a-OXIDES 
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A  study  is  made  of  the  susceptibility  to  hydration,  isomerization,  and  hydroxyamine  formation  of  unsym** 
metrical  a-oxides. 

Several  authors  [1]  have  established  that  the  hydration  of  aliphatic  a-oxides  containing  a  tertiary  carbon 
atom  in  the  oxide  ring  goes  very  energetically. 

Investigation  of  methylisopropyl  ethylene  oxide  (I)  and  methyl- tert-butylethylene  oxide  (II),  which  we  pre¬ 
pared,  revealed  that  they  easily  isomerize  to  aldehyde  even  during  heating  or  distillation,  but  their  hydration  goes 
with  difficulty: 

(CH3)2GH 

C - CHa  (1)  (CH3)3C-C - GHa  (II) 

The  main  products  of  hydration  of  these  oxides  are  their  isomeric  aldehydes.  A  similar  phenomenon  was 
observed  by  Pansevich- Kolyada  [2,3]  in  the  case  of  1,1-diphenylpropene  oxide,  l-phenyl-2-butene  oxide,  and 
2-phenyl-2-butene  oxide.  Hydration  of  the  first  of  these  gives  a  ketone  in  addition  to  a  glycol;  in  presence  of 
alcohol  the  second  entirely  Isomerizes  to  2-phenylbutanone. 

Many  investigators  [4]  have  mentioned  the  great  susceptibility  to  isomerization  of  unsymmetrical  olefinic 
a-oxldes. 

On  the  basis  of  our  experimental  material  and  of  literature  data,  we  can  infer  that  the  presence  of  a  large 
number  of  electron-donating  substituents  so  polarizes  the  molecule  of  the  oxide  that  its  most  highly  hydrogenated 
carbon  atom  becomes  more  positive;  this  facilitates  the  migration  of  a  hydrogen  atom  to  a  neighboring  carbon 
atom  at  which  there  is  a  higher  electronic  density. 

In  this  connection,  special  interest  is  attached  to  methyl-tert-butylethylene  oxide  (which  we  prepared  for 
the  first  time).  The  association  of  two  tertiary  carbon  atoms  in  the  oxide  molecule  evidently  imparts  lability  to 
the  compound.  In  the  very  process  of  synthesis  (and,  possibly  also,  of  distillation)  a  relatively  large  quantity  of 
polymeric  products  is  formed,  due  to  which  the  yield  of  oxide  is  small.  Reaction  of  the  oxide  with  diethylamine 
with  the  aim  of  preparation  of  the  hydroxyamine  also  leads  mainly  to  formation  of  polymers.  Isomerization  of 
oxide  (II)  occurs  under  the  usual  conditions  of  hydration  of  aliphatic  oxides. 

We  succeeded  in  obtaining  a  good  yield  of  hydroxyamine  from  methylisopropyl  ethylene  oxide.  This  oxide 
likewise  isomerizes  readily,  but  hydration  also  leads  to  the  glycol  in  addition  to  aldehyde.  It  should  be  noted 
that  oxide  (I)  also  possesses  electron-donating  radicals,  just  like  oxide  (II),  but  in  smaller  number;  it  therefore 
undergoes  a  series  of  reactions  characteristic  of  the  oxide  ring.  We  must  evidently  agree  with  Martynov's  conclu¬ 
sion  [5]  that  "substituents  possessing  a  high  electron-donating  capacity  render  the  oxide  ring  very  unstable.* 
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Isopropyl  bromide,  and  110  g  bromoacetone  by  the  usual  procedure.  It  decomposed  when  distilled  in  vacuo  (10  mm). 
In  later  experiments  the  crude  bromohydrin  was  worked  up  to  oxide. 

Synthesis  of  unsymm.  methylisopropylethylene  oxide.  Pulverized  potassium  hydroxide  was  gradually  added 
to  an  ethereal  solution  of  the  chiorohydrin  or  bromohydrin.  The  ethereal  solution  was  worked  up  to  give  18.2  g 
crude  oxide  from  which  3  fractions  were  obtained  by  fractionation:  1st,  45-50*  (70  mm),  1  g;  2nd,  50-52*  (70  mm), 
10  g;  3rd,  61-65*  (70  mm),  2  g. 

The  3rd  fraction  was  the  aldehyde  to  which  the  oxide  had  isomerized.  This  fraction  gave  all  of  the  char¬ 
acteristic  reactions  for  aldehydes.  The  2nd  fraction  was  oxide  (II),  which  had  a  camphor-like  odor. 

B.p.  50-52*  (70  mm),  d*®^  0.834,  n*®D  1.401,  MRq  29.13;  calc.  29.93. 

Found  %  C  72.25,  72.30;  H  12.0,  11.75.  M  100.  CeH^O. 

Calculated  C  71.93;  H  12.09.  M  100. 

The  presence  of  the  oxide  ring  was  confirmed  by  reaction  with  potassium  iodide  [8],  as  well  as  by  isomeriza¬ 
tion  and  formation  of  the  corresponding  hydroxyamlne. 

Synthesis  of  2,2,3-trimethyl-4-chloro-3-butanol  was  effected  in  the  usual  manner  from  65  g  magnesium, 

170  g  tert -butyl  chloride  (mixed  with  500  ml  ether)  and  135  g  chloroacetone.  There  was  obtained  80  g  crude 
chiorohydrin  which  decomposed  when  distilled  in  vacuo  (0.3  mm)  and  rapidly  darkened  on  standing.  It  was  there¬ 
fore  usually  not  isolated  from  the  ethereal  solution,  but  at  once  worked  up  to  oxide. 
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Synthesis  of  methyl-tert-butylethylene  oxide  was  effected  by  the  above  procedure  from  80  g  crude  chloro- 
hydrin  and  135  g  potassium  hydroxide.  After  the  ether  had  been  driven  off,  the  residue  of  35  g  liquid  was  frac¬ 
tionated  at  50  mm;  1st,  45-55*,  5  g;  2nd,  55-100*,  quantity  insignificant;  3rd,  100-110*,  11  g;  residue  12.2  g. 
Redistillation  of  the  1st  fraction  gave  about  4  g  of  liquid. 

B.p.  48-51*  (55  mm),  d*®4  0.830,  n*®D  1.4160,  MRq  34.20;  calc.  34.55. 

Found  €  73.21,  73.28;  H  12.00,  12.10.  M  115.1.  C7Hi40. 

Calculated  ‘fe  C  73.63;  H  12.37.  M  114. 

The  3rd  fraction,  after  redistillation  in  vacuo,  was  an  oily  liquid  which  turned  faint-yellow  on  standing. 

B.p.  77-78*  (10  mm),  n^®D  1.4565. 

Found  %  C  72.20;  H  11.30.  M  242.  Ci4HMOi. 

Calculated  %  C  73.63;  H  12.37.  M  228. 

Reaction  of  oxides  (I)  and  (n)  with  water.  5-6  ml  water  was  added  to  2  g  oxide  and  hydrogen  chloride  was 
passed  through  for  1  min.  The  reaction  mixture  was  then  shaken  6  hr  at  room  temperature.  The  glycol  was  ex¬ 
tracted  with  ether,  dried  with  sodium  sulfate,  and  distilled. 

Oxide  (I)  gave  unsymm.  methyllsopropylethylene  glycol  with  b.p.  194-197*,  d*®4  0.980,  n*®D  1.4410.  The 
properties  correspond  to  those  of  a  similar  glycol  described  in  the  literature  [9]. 

Under  the  above  conditions,  oxide  (II)  isomerlzed  to  the  aldehyde. 

Isomerization  of  the  oxides.  Agents  such  as  zinc  chloride  and  sulfuric  acid  (1  and  10%)  polymerize  oxides  (I) 
and  (n);  isomerization  was  therefore  effected  in  presence  of  one  drop  of  3%  sulfuric  acid.  The  reaction  products 
were  quickly  distilled  with  steam  and  extracted  with  ether;  the  ethereal  solution  was  dried  with  sodium  sulfate, 
the  ether  was  driven  off,  and  the  residue  was  distilled  at  atmospheric  pressure.  The  following  fractions  were  col¬ 
lected  during  distillation  of  the  products  of  isomerization  of  2.3  g  oxide  (I):  1st,  116-120*,  0.4  g;  2nd,  120-178*, 
0.3  g;  residue  1  g.  The  1st  fraction  gives  all  of  the  qualitative  reactions  for  aldehydes. 

From  2.0  g  oxide  (II)  was  obtained  a  fraction  with  b.p.  138-140*  (0.4  g),  which  gave  all  of  the  aldehyde 
reactions.  A  considerable  amount  of  material  did  not  distill,  but  resinified. 

Addition  of  diethylamine  to  oxides  (I)  and  (11).  An  ampoule  was  charged  with  2.5  g  oxide,  5  g  diethylamine, 
and  a  few  drops  of  water.  The  sealed  ampoule  was  heated  3  hr  on  a  boiling  water  bath.  Unreacted  diethylamine 
was  taken  off  on  a  water  bath,  and  the  hydroxyamine  was  distilled  in  vacuo. 

The hydroxyamine  from  (l)  had  the  following  constants: 

B.p.  106-108*  (20  mm),  d**4  0.873,  n^D  1.4386,  MRo  51.17;  calc.  50.71. 

Found  %  N  8.58.  M  169.  CjoHisON. 

Calculated  %:  N  8.23.  M  170. 

Oxide  (II)  was  reacted  with  diethylamine  at  the  same  temperature  but  with  replacement  of  the  water  by 
methanol,  and  with  prolongation  of  the  heating  period  to  20  hr.  Fractional  distillation  of  the  reaction  mixture 
led  mainly  to  separation  of  unreacted  oxide;  only  a  few  drops  of  liquid  with  b.p.  80*  (10  mm)  were  obtained  (ni¬ 
trogen  was  detected  by  qualitative  test). 

Preparation  of  oxide  (II)  by  oxidation  with  benzoyl  hydroperoxide,  2, 2 , 3- Tri methyl- 3 -butene,  prepared  by 
dehydration  of  2,2,3-trimethyl-3-butanol,  was  subjected  to  oxidation.  The  tertiary  alcohol  was  synthesized  by 
the  Grlgnard  reaction  from  tert-butyl  chloride  and  acetone.  The  alcohol  boiled  at  130-132*  [10]. 

The  alcohol  was  dehydrated  by  slow  heating  in  a  Wurtz  flask  on  a  water  bath  in  presence  of  a  few  crystals 
of  iodine.  The  resulting  unsaturated  hydrocarbon  was  quickly  distilled  and  dried  with  calcium  chloride;  b.p.  78 
to  80”  [11].  Attempted  dehydration  of  the  carbinol  with  sulfuric  acid  led  to  polymer  formation. 

Oxide  (II)  was  prepared  from  the  hydrocarbon  by  the  Prilezhaev  method  in  chloroform  [12].  After  5  hr, 
analysis  [13]  revealed  traces  of  unreacted  hydroperoxide.  The  usual  working-up  gave  2  g  substance  with  b.p.  100 
to  101"  (45  mm);  the  product  was  a  liquid  with  a  pleasant  odor. 
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B.p.  191-192*,  n“D  1.5162,  1.0718. 

Found  %  C  70.52;  H  7.92.  M  250,  247.  C14H20OJ. 

Calculated  %  C  71.18;  H  8.46.  M  236. 

The  analysis  and  constants  of  the  substance  do  not  correspond  to  those  6f  oxide  (II).  Saponification  of  the 
substance  with  0.5  N  potassium  hydroxide  solution  in  the  cold  or  with  heating  gave  benzoic  acid  in  quantity 
nearly  equivalent  to  the  monoether.  No  depression  of  m.p.  in  admixture  with  authentic  benzoic  acid. 

SUMMARY 

1.  Unsymm.  methylisopropylethylene  oxide  and  methyl- tert-butylethylene  oxide  were  synthesized  from 
the  corresponding  halohydrlns  and  characterized. 

2.  Oxidation  with  benzoyl  hydroperoxide  of  2,2,3-trimethyl-3-butene  gave  the  glycol  monobenzoate  in¬ 
stead  of  the  ot-oxide.  The  above  two  oxides,  especially  the  second  one,  are  very  easily  isomerized  to  aldehydes. 

3.  The  corresponding  hydroxyamlne  was  obtained  by  reaction  of  dlethylamine  with  methylisopropylethylene 

oxide. 


LITERATURE  CITED 

[1]  A.  I.  frtekov,  ;.  Russ.  Chem.  Soc.  14,  355  (1882);  Ber.  16,  395  (1883). 

[2]  V.  I.  Pansevich-Kolyada  and  L.  I.  Timoshek,  J.  Gen.  Chem.  22, 147  (1952).  * 

[3]  V.  I.  Pansevich-Kolyada,  T.  S.  Strigalova  et  al.,  J.  Gen.  Chem.,  Suppl.  n,  1422  (1953). 

[4]  M.  S.  Malinovskii,  Sci.  Memoirs  Gorki!  Unlv.  15  (1949). 

[5]  V.  F.  Martynov  and  G.  Ol'man,  J.  Gen.  Chem.  27,  1881  (1957).* 

[6]  M.  Tiffeneau  and  Kuriaki,  Compt.  rend.  209,  465  (1939). 

[7]  C.  Stevens  and  S.  Tazuma,  J.  Am.  Chem.  Soc.  76,  715  (1954). 

[8]  D.  Swem,  T.  Findley  and  J.  Scanlan,  Anal.  Chem.  19,  414  (1947). 

[9]  L.  Clalsen,  Bull.  Soc.  Chim.  (4),  5,  118  (1909). 

[10]  W.  Henry,  Compt.  rend.  143,  20  (1906). 

[11]  A.  E.  Favorskii  and  E.  K.  Opel',  J.  Russ.  Chem.  Soc.  50,  67  (1918). 

[12]  N.  A.  Prilezhaev,  J.  Russ.  Chem.  Soc.  42,  1387  (1910);  44,  613  (1912);  Ber.  42,  4811  (1909). 

[13]  Org.  Reactions  7,  488  (1956). 


*  Original  Russian  pagination.  See  C3.  translation. 


1862 


THE  SULFONATION  OF  a-DIKETONES 

VI.  DERIVATIVES  OF  1.3-INDANEDIONE-2-SULFONIC  ACID* 

E.  Gudrinletse ,  G.  Vanag,  A.  Strakov  and  O.  Neiland 

Latvian  State  University 

Original  article  submitted  May  19,  1958 


There  are  no  literature  data  for  derivatives  of  the  keto  group  of  sulfonic  acids  of  ketones  and  aldehydes  [1]. 
Although  the  preparation  of  the  dioxime  of  1 ,3-indanedione- 2- sulfonic  acid  from  the  dipotassium  salt  of  the  acid 
by  treatment  with  hydroxylamine  hydrochloride  in  presence  of  potassium  carbonate  has  been  described  [2],  we 
were  unable  to  repeat  these  experiments  either  with  the  disodium  or  the  dipotassium  salts  of  this  acid.  The  origi- 
nai  substance,  and  not  the  dioxime  in  question,  came  down  when  alcohoi  was  added. 
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Our  investigations  have  shown  that  oxime  (I)  is  easily  formed  by  boiling  the  sodium  salt  of  1,3-indanedione- 
-2-sulfonic  acid  in  glacial  acetic  acid  with  hydroxylamine  hydrochloride  in  presence  of  anhydrous  sodium  acetate, 
or  in  absence  of  the  latter  (in  alcohol).  The  oxime  that  we  obtained  was  white  and  poorly  soluble  in  water  (1  g 
in  100  ml).  Bromination  gave  2,2-dibromo-l,3-indanedlone. 

Derivatives  of  1 .3-indanedione  are  known  to  react  easily  with  ammonium  acetate  in  glacial  acetic  acid 
[3-6]  to  form  the  corresponding  ketimines.  It  was  found  that  under  similar  conditions,  the  oxygen  of  the  keto 
group  of  the  sodium  salt  of  l,3-indanedione-2-sulfonic  acid  is  also  substituted  by  the  imino  group.  The  product 
is  the  yellow-orange  ammonium  salt  of  the  imine  of  1 ,3-indanedione-2-sulfonic  acid  (II)  (Me  =  NH4).  Proof  that 
this  was  not  the  diammonium  salt  of  acid  (ELI)  (Me  =  NH4)  was  obtained  by  preparation  of  the  disodium  salt  of 
imine  (IV)  (Me  =  Na)  by  treatment  of  imine  (U)  (Me  =  NH4)  with  an  alcoholic  soiution  of  sodium  hydroxide  or 
sodium  ethoxide.  Evidently,  the  structure  of  the  salts  of  the  imine  of  l,3-indanedione-2-sulfonic  acid  (II)  is  simi¬ 
lar  to  that  of  the  imine  of  2- phenyl- 1,3-indanedione,*  •  i.e.,  the  enaminic  inner  salt  of  the  ketoenol  (V)  is 
formed: 
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*  Preceding  communication  in  Proc.  Higher  School  of  Chem.  and  Chem.  Tech.  1958,  746. 

*  'The  structure  of  the  imine  of  2-phenyl- 1,3-indanedione  was  recently  clarified  by  G.  Vanag  and  Ya.  Freimanis, 
whose  work  will  be  the  subject  of  a  separate  paper. 
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Ultraviolet  absorption  spectra:  l)  ammonium 
salt  of  the  imine  of  l,3-indanedione-2-sulfonic 
acid  in  aqueous  solution;  2)  disodium  salt  of 
1 ,3-indanedione-2-sulfonlc  acid  in  aqueous 
solution:  3)  1 ,3-indanedione  in  2  N  NaOH. 


In  connection  with  the  proposed  structure  of  the 
imine  of  l,3-indanedione-2-sulfonic  acid,  ultraviolet 
absorption  spectra  were  plotted  for  the  imine  and  for  the 
disodium  salt  of  1 ,3-indanedione-2-sulfonic  acid  in  water, 
and  for  1 ,3-indanedione  in  alkaline  solution.  The  absorp¬ 
tion  maxima  of  249  mp  (log  e  4.53)  and  259  mp 
(log  €  4,48)  of  the  disodium  salt  of  l,3-indanedlone-2- 
-sulfonic  acid  are  close  to  the  maximum  of  251  mp 
(log  c  4.505)  in  the  inflection  in  the  260  mp  region  for 
the  imine.  Comparison  with  the  absorption  curve  of  1 ,3- 
-indanedione  in  alkali  solution  reveals  that  the  sulfo  group 
in  the  2-position  causes  only  a  very  small  bathochromic 
shift:  248  mp  (log  c  4.49);  255  mp  (log  c  4.47). 

The  observed  absorption  maxima  of  the  disodium 
salt  of  l,3-indanedione-2-sulfonlc  acid  and  of  1,3-in- 
danedione  in  alkali  solution  evidently  characterize  the 
enolate  form  of  these  compounds.  The  imine  should  there¬ 
fore  possess  the  enolate  structure  (V).  Consequently,  the 
absorption  spectra  support  the  bipolar  structure  of  the 
imine. 

The  aniline  salt  of  the  phenylimine  of  1,3-indane- 
dlone- 2- sulfonic  acid  (VI)  (Me  =  phenylammonium)  and 
the  disodium  salt  of  the  phenylimine  of  1 ,3-indanedione- 
-2-sulfonic  acid  (VII)  (Me  =  Na)  were  similarly  prepared. 
On  bromlnation,  the  phenylimine  and  the  imine  split  off 
the  imino,  or  the  phenylimino,  and  the  sulfo  groups,  and 
form  2,2-dibromo-l ,3-indanedione: 
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The  sodium  salt  of  l,3-indanedlone-2-sulfonic  acid  easily  forms  a  light-brown  semicarbazone.  It  also  re¬ 
acts  with  phenylhydrazine;  the  reaction  is  fairly  complex  and  will  be  the  subject  of  a  separate  publication. 

Treatment  of  the  dry  sodium  salt  of  l,3-lndanedione-2-sulfonic  acid  with  phosphorus  pentachloride  gave 
2-chloro-l,3-indanedione-2-sulfochloride  (VIII)  in  the  form  of  yellow  crystals.  It  is  interesting  to  note  that  the 
hydrogen  of  the  active  methylene  group  is  not  replaced  by  chlorine  when  1 ,3-indanedione  itself  is  treated  with 
phosphorus  pentachloride  [7]. 

We  know  that  heating  of  fluorenyl-9-sulfochloride  [8],  DL-camphor-ir -sulfochloride  [9],  and  fl-bromocam- 
phor-a-sulfochloride  [10]  leads  to  removal  of  sulfur  dioxide  and  formation  of  chloro  derivatives.  1 ,3-Indanedione- 
-2-sulfochloride  (VIII)  reacts  similarly.  It  splits  off  sulfur  dioxide  on  heating  and  forms  2,2-dichloro-l,3-indane- 
dione.  This  interesting  reaction  has  not  previously  been  noted  in  the  literature;  it  is  merely  reported  [9,10]  that 
sulfur  dioxide  splits  off  from  sulfochlorides  only  at  high  temperatures.  Further  investigations  will  show  whether 
this  reaction  is  general  for  all  sulfochlorides  of  ft -diketones. 


EXPERIMENTAL 

Monoxime  of  the  sodium  salt  of  l,3-indanedlone-2-sulfonic  acid  (I)  (Me  =  Na).  A  mixture  of  1.4  g  sodium 
salt  of  1 ,3-indanedlone-2-sulfonic  acid,  0,7  g  hydroxylamine  hydrochloride,  1.3  g  anhydrous  sodium  acetate,  and 
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10  ml  glacial  acetic  acid  was  refluxed  20-25  min  in  a  round-bottomed  flask.  At  first,  the  soiution  was  yellow, 
but  it  quickly  lost  its  color  and  deposited  the  white  sodium  salt  of  the  oxime  of  l,3-indanedione-2-sulfonic  acid  (I) 
(Me  =  Na).  The  monoxime  is  formed  in  good  yield  in  ethanol  and  in  the  absence  of  sodium  acetate.  It  can  be 
recrystallized  from  a  larger  volume  of  water.  It  is  preferably  not  recrystallized,  but  washed  well  with  water. 

There  was  obtained  1.2  g  (75%)  of  fine,  white  crystals.  Insoluble  in  organic  solvents,  but  soluble  in  hot  water 
(1  g  in  100  ml  water)  with  a  yellowish  color.  It  forms  a  yellow  solution  in  alkalies. 

Found  %:  Na  8.69;  N  5.48.  CsHgCV^SNa. 

Calculated  %;  Na  8.74;  N  5.32. 

Disodium  salt  of  the  oxime  of  l,3-indanedione-2-sulfonic  acid.  1  g  sodium  salt  of  oxime  of  1 ,3-indane- 
dione-2-sulfonic  acid  and  20  ml  anhydrous  alcohol  were  put  in  a  smali  round -bottomed  flask  fitted  with  a  con¬ 
denser,  and  0.5  ml  metallic  sodium  was  gradually  added.  When  the  sodium  had  reacted,  heating  was  continued 
for  another  5  min.  The  precipitate  was  recrystallized  from  a  small  amount  of  dilute  alcohol.  The  yellow  di¬ 
sodium  salt  of  the  oxime  of  l,3-indanedione-2-sulfonic  acid  came  down  slov.ly.  Very  soluble  in  water.  The 
aqueous  solution  has  an  alkaline-reaction  to  litmus.  Poorly  soluble  in  organic  solvents. 

Found  %  Na  16.60;  N  4.80.  C^HsOsNSNa,. 

Calculated  %  Na  16.14(  N  4.91. 

Bromination  of  the  sodium  salt  of  the  oxime  of  l,3-indanedlone-2-sulfonic  acid  (I)  (Me  =  Na).  A  mixture 
of  1.3  g  sodium  salt  of  the  monoxlme  of  l,3-indanedlone-2-sulfonic  acid  (I)  (Me  =  Na),  30  ml  glacial  acetic 
acid,  and  1  ml  bromine  was  stood  1  hr  at  room  temperature.  2,2-Dibromo-l,3-indanedlone  was  obtained  after 
dilution  with  water.  From  glacial  acetic  acid  it  came  down  as  colorless  needles  with  m.p.  174-175*.  A  mixture 
with  authentic  2,2-dlbromo-l,3-lndanedlone  melted  without  depression. 

Ammonium  salt  of  the  imine  of  l,3-indanedione-2-sulfonic  acid  (II)  (Me  =  NHj.  15  g  ammonium  acetate 
was  dissolved  ih  12  ml  glacial  acetic  acid  in  a  round- bottomed  flask  fitted  with  a  reflux  condenser.  To  the  hot 
solution  was  added  3  g  sodium  salt  of  1 ,3-indanedlone-2-sulfonic  acid  and  the  mass  was  heated  for  a  further 
15  min.  The  solution  became  dark-yellow,  and  on  cooling  it  solidified  to  a  crystal  mass  which  was  treated  3-4 
times  with  60%  ethyl  alcohol  in  the  cold.  The  insoluble  brown  solid  was  recrystallized  from  60%  ethyl  alcohol. 
There  was  obtained  1.8  g  (58%)  ammonium  salt  of  the  imine  of  l,3-indanedione-2-sulfonic  acid  (II)  (Me  =  NH4) 
in  the  form  of  fine  yellow  prisms  with  m.p.  240*  (decomp.).  Readily  soluble  in  water  andglacial  acetic  acid, 
poorly  soluble  in  methanol  and  ethanol,  insoluble  in  ether  and  nonpolar  solvents. 

Found  %;  N  11.53.  C,Hio04N2S. 

Calculated  %;  N  11.57. 

Disodlum  salt  of  the  imine  of  l,3-indanedione-2-sulfonic  acid  (IV)  (Me  =  Na).  0.8-0.9  g  metallic  sodium 
was  slowly  added  to  a  solution  of  2.4  g  ammonium  salt  of  imine  (V)  (Me  =  NH4)  in  30  mi  anhydrous  alcohol.  Am¬ 
monia  came  off  and  a  yeilow  precipitate  was  formed.  Recrystallization  from  40%  ethyl  alcohol  gave  2.2  g  (80%) 
disodium  salt  of  the  imine  of  l,3-indanedione-2-sulfonic  acid  (IV)  (Me  =  Na).  This  salt  is  also  obtained  from  an 
alkaline  solution  of  the  ammonium  salt  of  imine  (V)  (Me  =  NH4)  by  addition  of  alcohol.  Readily  soluble  in  water, 
less  soluble  in  glacial  acetic  acid,  nearly  insoluble  in  alcohol,  m.p.  280*  (decomp.). 

Found  %:  Na  17.30;  N  5.30.  C9H504NSNa,. 

Calculated  %:  Na  17.10;  N  5.20. 

Bromination  of  the  ammonium  salt  of  the  imine  of  l,3-indanedione-2-sulfonic  acid.  A  mixture  of  30  ml 
glacial  acetic  acid,  1.2  g  ammonium  salt  of  imine  of  l,3-indanedione-2-sulfonic  acid,  and  0.5  ml  bromine  was 
stood  2  hr  at  room  temperature.  The  mass  was  then  diluted  with  50  ml  water.  The  resulting  precipitate  was  re¬ 
crystallized  from  glacial  acetic  acid  to  give  1,3  g  2,2-dibromo-l,3-indanedlone  with  m.p.  175-176*.  A  mixture 
with  authentic  2,2-dibromo-l,3-indanedlone  melted  without  depression. 

Aniline  salt  of  the  phenylimine  of  1 ,3-indanedione-2-sulfonic  acid  (VI)  (Me  =  phenylammonium).  2.5  g 
sodium  salt  of  l,3-indanedlone-2-sulfonic  acid,  10  mi  aniline,  and  10  ml  glacial  acetic  acid  were  heated  2  hr  on 
a  water  bath.  The  red  aniline  salt  of  the  phenylimine  came  down  after  3-4  hr.  Recrystallization  from  ethanol 
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dione-2-sulfochloride,  and  1.3  g  dioxane  dibromlde  was  stood  1  hr  at  room  temperature  and  then  diluted  with 
15-20  ml  water.  The  precipitate  was  recrystallized  from  ethanol  to  give  white  plates  of  2-chloro-2-bromo-l,3- 
-indanedlone  with  m.p.  141-143*  (literature  [11]:  m^).  147*), 

Reaction  of  1 ,3-indanedione-2-sulfochloride  (VPI)  with  alcohols.  1.4  g  of  (VIII)  was  heated  with  10  ml 
ethanol  on  a  water  bath.  The  chloride  dissolved  and  sulfur  dioxide  was  evolved.  When  the  latter  had  ceased  to 
come  off,  15  ml  hot  water  was  added.  Within  a  few  minutes,  lustrous  plates  of  2,2-dichloro-l,3-Indanedlone  [11] 
came  down;  m.p.  123-124",  A  mixture  with  authentic  2,2-dichloro-l  ,3-indanedione  melted  without  depression. 

A  similar  reaction  course  is  followed  with  methyl,  propyl,  isopropyl,  and  n-butyl  alcohols,  2,2-Dichloro- 
-1 ,3-lndanedione  is  obtained  in  80%  yield. 

SUMMARY 

The  oxime,  semicarbazone,  imlne,  and  phenyllmine  of  l,3-indanedione-2-sulfonlc  acid  were  prepared  in 
the  form  of  the  sodium,  ammonium,  and  aniline  salts. 

Bromination  of  the  sodium  salt  of  the  oxime  of  l,3-indanedione-2-sulfonic  acid,  and  of  the  ammonium  salt 
of  the  imine  of  the  acid  gives  2,2,-dibromo-l,3-indanedione, 

Phosphorus  pentachloride  acts  on  the  sodium  salt  of  l,3-indanedione-2-sulfonic  acid  to  give  1 ,3-lndanedlone- 
-2-sulfochloride.  Its  bromination  gives  2-chloro-2-bromo-l,3-indanedione,  The  sulfochloride  loses  sulfur  dioxide 
when  boiled  with  alcohols,  and  is  converted  into  2,2-dichloro-l, 3-indanedione. 
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TERTIARY  TRIHYDRIC  ALCOHOLS  OF  THE  ACETYLENIC  SERIES 
AND  THEIR  TRANSFORMATIONS 

Xn.  THE  HYDRATION  OF  3,4,7-TRIMETHYL-5-NONYNE-3.4,7-TRIOL 
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Work  carried  out  in  recent  years  in  our  institute  on  the  synthesis  and  transformations  of  tertiary  glycerols  of 
the  acetylenic  series  prompted  us  to  make  a  study  of  the  Kucherov  reaction  in  this  series  of  compounds. 

We  know  from  the  literature  that  the  Kucherov  reaction  [1]  does  not,  in  all  cases,  lead  only  to  simple  hy¬ 
dration  of  the  triple  bond  [2-20]. 

In  the  present  paper,  we  describe  the  hydration  of  3,4,7-trimethyl-5-nonyne-3,4,7-triol  (I)  since  it  is  pre¬ 
cisely  in  this  case  that  we  have  succeeded  in  isolating  severai  intermediate  products,  and  have  gained  an  insight 
into  the  fairly  complex  mechanism  of  the  transformations  here  taking  place.  Hydration  was  effected  by  the 
method  of  Scheibler  and  Fischer  [16],  but  at  different  temperatures.  We  established  that  the  initial  addition  of 
water  at  the  triple  bond  gives  rise,  in  this  class  of  compounds,  to  a  series  of  consecutive  reactions. 

The  mechanism  of  the  transformations  that  take  place  here  can  be  represented  by  the  following  scheme: 


Transformations  During  Hydration  of  3,4,7-Trimethyl-5-Nonyne-3,4,7-Triol 
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The  acetylenic  triol  (I)  hydrates  to  a  ketotriol,  which  loses  two  molecules  of  water  to  form  a  dlenlc  keto- 
alcohol—  3,7-dimethyl-4-methylene-3-hydroxy-6-nonen-5-one  (II),  The  latter  can  be  isolated  from  the  reac¬ 
tion  products  if  hydration  is  performed  at  a  temperature  not  higher  than  30-40*.  The  structure  of  (II)  was  con¬ 
firmed  by  oxidation  with  potassium  permanganate  to  methyl  ethyl  ketone  and  formic,  oxalic,  and  a-methyl-oi- 
-  hydroxy  butyric  acid. 

Reaction  at  a  higher  temperature  (70-80*)  results  in  addition  of  water  to  (n).  As  often  observed  by  I,  N. 
Nazarov  [21]  with  other  compounds,  this  addition  takes  place  at  the  unsubstituted  double  bond  to  form  a  primary 
alcoholic  group.  The  resulting  primary-tertiary  ketoglycol  at  once  cycllzes  to  the  substituted  tetrahydro-y  -py- 
rone.  This  cyclization  can  go  in  two  directions:  either  the  primary  alcohol  group  participates  in  formation  of 
the  pyrone  ring,  in  which  case  the  side  chain  of  the  pyrone  will  contain  sec-hydroxybutyl  (form  A),  or  the  pyrone 
ring  is  formed  at  the  expense  of  the  tertiary  hydroxyl  group,  and  then  the  resulting  tetrahydro-y -pyrone  will  con¬ 
tain  a  primary  hydroxyl. 

We  believe  that  cyclization  goes  in  the  direction  of  formation  of  product  (A).  This  assumption  is  based  on 
the  fact  that  the  product  of  further  condensation  of  (A)  —  compound  (III)  —  is  recovered  unchanged  when  its  oxida¬ 
tion  is  attempted  with  Beckmann's  reagent  [22]  (chromic  acid  mixture),  whereas  a  primary  alcoholic  group  is 
bound  to  be  oxidized  to  the  corresponding  aldehyde.  The  proposed  mechanism  is  fully  confirmed  by  formation 
of  acetic  acid  (among  other  products)  when  (in)  is  oxidized  with  potassium  permanganate. 

Two  molecules  of  substituted  tetrahydro-y  -pyrone,  formed  from  the  dienic  ketoalcohol  (II)  by  the  cyclo- 
hydration  just  discussed,  undergo  crotonic  condensation  with  loss  of  1  molecule  of  water.  In  the  hydration  of  other 
acetylenic  triols  (see  the  next  paper),  this  product  of  crotonic  condensation  is  easily  isolated,  but  in  the  present 
case  it  undergoes  partial  dehydration  and  forms  2-methyl-2-ethyl-5-sec-butenyltetrahydropyranylidene-2*- 
-methyl-2'-ethyl-5'-sec-hydroxybutyltetrahydro-y -pyrone  (III).  The  structure  of  (HI)  follows  from  all  of  the 
experimental  data  that  we  obtained,  and  it  is  confirmed  by  oxidation  with  potassium  permanganate  when  the 
following  products  are  isolated:  methyl  ethyl  ketone  and  formic,  acetic,  oxalic,  and  a  -  me  thy  1-a- hydroxy  butyric 
acids,  in  full  accord  with  the  proposed  oxidation  mechanism. 

Hydration  of  triol  (I)  at  96-98*  does  not  enable  the  dienic  ketoalcohol  (n)  to  be  isolated  completely;  under 
these  conditions  compound  (III)  undergoes  partial  hydrolytic  cleavage  to  2-methyl-2-ethyl-5-sec-butenyltetra- 
hydro-y -pyrone  (IV)  and  2- methyl- 2-ethyl-5-sec-hydroxybutyltetrahydro-y -pyrone;  the  latter  dehydrates  to  (IV) 
under  the  reaction  conditions.  Compound  (IV)  is  separated  from  the  reaction  products  along  with  (in).  The  struc¬ 
ture  of  the  substituted  tetrahydro-y -pyrone  (IV)  is  confirmed  by  oxidation  with  potassium  permanganate,  which 
leads  to  the  same  products  as  In  the  oxidation  of  product  (HI). 

Special  experiments  showed  that  heating  of  (II)  with  H2SO4  solution  to  70-80*  leads  to  substance  (m),  while 
heating  of  (III)  with  H2SO4  solution  to  96-98*  leads  to  separation  of  product  (IV). 

According  to  our  proposed  reaction  scheme,  compound  (III)  is  formed  by  removal  of  1  molecule  of  water 
from  a  molecule  of  2-methyl-2-ethyl-5-sec-hydroxytetrahydropyranylidene-2’-methyl-2*-ethyl-5’-sec-hydroxy- 
butyltetrahydro-y  -pyrone.  We  believe  that  water  is  split  off  at  the  expense  of  the  hydroxyl  group  at  the  pyranylld- 
ene  ring  (a).  This  conclusion  is  based  on  the  fact  that  cleavage  of  the  electronegative  hydroxyl  at  the  pyrone 
ring  (6 )  is  inhibited  because  the  positive  charge  of  the  attached  carbon  is  greatly  Intensified  by  the  influence  of 
the  carbonyl  oxygen  which  possesses  a  strong  electron- accepting  ability.  Conversely,  removal  of  hydroxyl  from 
ring  (oc)  is  facilitated  by  the  circumstance  that  the  positive  charge  of  the  carbon  attached  to  the  hydroxyl  will  be 
considerably  weakened  by  the  Influence  of  the  labile  x -cloud  of  the  double  bond. 

Removal  of  this  molecule  of  water  does  not  proceed  at  the  expense  of  the  tertiary  hydrogen  at  the  carbon 
of  the  pyranylidene  ring  (a),  as  would  be  required  by  the  Wagner- Zaitzev  rule,  for,  in  that  case,  it  would  be  im¬ 
possible  to  account  for  the  formation  of  acetic  acid  on  oxidation  of  compound  (HI)  with  potassium  permanganate. 
Consequently,  the  hydrogen  of  the  ethyl  group  of  the  secondary-hydroxybutyl  radical  participates  in  the  removal 
of  a  molecule  of  water.  This  cleavage  results  in  formation  of  a  second  ary- butenyl  radical  whose  oxidation  gives 
acetic  acid.  This  water-removal  mechanism  is,  in  conflict  with  the  Wagner- Zaitzev  rule,  but,  as  A.  D,  Petrov 
showed  in  a  study  with  a  group  of  authors  [23]  of  the  dehydration  of  dialkylallylcarbinols,  tertiary  unsaturated  al¬ 
cohols  are  always  dehydrated  at  the  expense  of  one  of  the  saturated  radicals.  This  conclusion  is  confirmed  by  the 
work  of  other  authors  [24], 
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The  presence  of  acetic  acid  among  the  products  of  oxidation  of  (ni)  indicates  that  the  primary  alcoholic 
group  participates  in  the  cyclohydration  of  the  dienic  ketoalcohol  (U)  (as  stated  above),  since,  if  cyclization 
went  at  the  expense  of  the  tertiary  hydroxyl,  the  subsequent  dehydration  could  not  possibly  lead  to  formation  of 
a  grouping  capable  of  giving  acetic  acid  on  oxidation. 

Hydrogenation  of  the  dienic  ketoalcohol  (II)  goes  with  great  facility  in  acetic  acid.  One  molecule  of  (II) 
takes  up  4  atoms  of  hydrogen  and  forms  3,4,7-trimethyl-3-hydroxy-5-nonanone  (V). 
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Hydrogenation  of  (III)  also  goes  smoothly,  and  also  only  in  acetic  acid.  The  reaction  is  selective.  The 
double  bond  in  the  side  chain  appears  to  be  hydrogenated  at  first,  to  give  2-methyl-2-ethyl-5-sec-butyltetra- 
hydropyranylldene-2*-methyl-2'-ethyl-5-sec-hydroxybutyltetrahydro-7 -pyrone  (VI);  this  is  followed  by  satura¬ 
tion  of  the  double  bond  linking  the  tetrahydropyranylldene  ring  (a)  with  the  tetrahydro-y  -pyrone  ring  (fl )  with 
formation  of  2- methyl- 2-ethyl- 5-sec-butyltetrahydtopyranyl-2'-methyl-2*-ethyl-5-sec-hydroxybutyltetrahydro- 
-y  -pyrone  (vn). 
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Hydrogenation  of  (IV)  gave  2-methyl- 2-ethyl-5-sec-butyltetrahydro-y -pyrone  (VIH). 
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EXPERIMENTAL 

3,4,7-Trlmethyl-5-nonyne-3,4,7-trIol  (I)  was  prepared  by  condensation  of  methylethylacetyl  carbinol  with 
methylethylethynyl  carbinol,  and  had  the  following  constants:  b.p,  124-126*  (2  mm),  n*®D  1.4810,  in  agreement 
with  the  literature  [25]. 

Hydration  of  3, 4, 7-trimethyl- 5-nonyne-3,4,7-triol  (I),  a)  At  35-37*.  A  mixture  of  17  ml  H,©,  2.8  ml 
cone.  H2SO4,  and  0.5  g  HgS04  was  charged  into  a  four-necked  flask  equipped  with  mechanical  stirrer,  reflux  con¬ 
denser,  thermometer,  and  dropping  funnel.  The  flask  was  heated  externally  by  a  spiral  resistance  with  a  tempera¬ 
ture  of  60-70*.  The  flask  was  immersed  in  a  water  bath  heated  to  30*.  lOg  of  (I)  was  introduced  dropwlse  at 
such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  rise  above  35-37*.  After  completion  of  the 
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dropwlse  addition,  the  mixture  was  stined  30  min  at  a  bath  temperature  of  40*.  The  products  were  extracted  with 
ether  and  the  ethereal  extracts  were  worked  up  In  the  usual  manner.  The  ether  was  driven  off,  and  the  products 
were  distilled  In  vacuo.  Two  fractions  were  collected;  1st,  b.p.  104-105*  (9  mm),  4.3  g  (47.3*5^),  n*®D  1.4849; 

2nd,  b.p.  120-150*  (7  mm),  0.7  g. 

Several  distillations  of  the  1st  fraction  gave  a  light-green,  mobile  liquid,  darkening  slightly  on  keeping, 
and  corresponding  in  all  of  its  properties  to  3,7-dimethyl-4-methylene-3-hydroxy-6-nonen-5-one  (II). 

B.p.  106-107*  (11  mm),  d*®4  0.9574,  n^D  1.4840,  MR  58.57;  calc.  58.22. 

Found  C  73.47,  73.26;  H  10.07,  10.10;  OH  8.15,  8.53.  C^HjoGj. 

Calculated‘S  C  73.47;  H  10.21;  OH  8.67. 

b)  At  70-80*.  21.5  g  triol  (I)  was  hydrated  with  a  mixture  of  36  ml  water,  6  ml  cone.  H^SO^  and  1  g  HgS04 
at  70-80*.  The  products  were  worked  up  in  the  usual  manner,  and  distilled  in  vacuo  to  give  2  fractions:  1st,  b.p. 
90-91*  (4  mm),  6.0  g  (30.6*^),  n*®D  1.4840  ;  2nd,  b.p.  182-183*  (4  mm),  9.5  g  (48.5*^),  n*®D  1.4950. 

The  1st  fraction  was  3,7-dimethyl-4-methylene-3-hydroxy-6-nonen-5-one  (II). 

From  the  2nd  fraction  was  isolated  a  viscous,  yellow,  poorly  mobile  liquid,  corresponding  to  2-methyl-2- 
-ethyl-5-sec-butenyltetrahydropyranylidene-2'-methyl-2*-ethyl-5*-sec-hydroxybutyltetrahydro-y  -pyrone  (HI). 

B.p.  155-156*  (2  mm),  d*'’4  1.014,  n*®D  1.4975,  MR  112.2;  calc.  112.5. 

Found  ‘S  C  73.08,  73.42;  H  10.27;  10.38;  OH  4.92,  4.75.  C24H4DO4. 

Calculated  ‘S  C  73.42;  H  10.20;  OH  4.33. 

c)  At  96-98*.  11.0  g  (I)  was  hydrated  with  a  mixture  of  18.7  ml  water,  2.1  ml  cone.  H^S04,  and  0.7  g 
HgS04,  with  heating  for  10  min  on  a  boiling  water  bath  (96-98*).  The  products  were  worked  up  as  usual,  and  dis¬ 
tilled  in  vacuo  to  give  three  fractions:  1st,  b.p.  77-92*  (5  mm),  0.5  g  (5*^),  n*®D  1.4535;  2nd,  b.p.  92-120*  (5  mm), 
0.2  g,  n*®D  1.4640;  3rd,  b.p.  186-188*  (5  mm),  6.6  g  (65.5‘!fc),  n*®D  1.4968. 

Under  the  same  conditions,  18.1  g  of  (I)  was  hydrated  with  a  mixture  of  30.7  ml  water,  5.3  ml  cone.  HtS04, 
and  1.22  g  HgS04.  Duration  of  heating,  1  hr.  The  products  were  worked  up  as  usual,  and  distilled  in  vacuo  to 
give  three  fractions:  1st,  b.p,  66-67*  (3  mm),  2.5  g  (15.1  n*®D  1.4532;  2nd,  b.p.  110-111*  (2,5  mm),  1.8  g, 
n*®D  1.4630;  3rd,  b.p.  157-158*  (2  mm),  9.0  g  (54.3‘^),  n“D  1.4978. 

From  the  first  fractions  was  obtained  a  transparent,  mobile  liquid  which  darkened  on  keeping  and  correspond¬ 
ed  in  analytical  data  to  2- methyl- 2-ethyl-5-sec-butenyltetrahydro-y -pyrone  (IV). 

B.p.  63-64*  (2  mm),  d*®4  0.9397,  n*®D  1.4528,  MR  56.35;  calc.  56.60. 

Found  *70;  C  73,16,  73,00;  H  10.22,  10.17;  OH  -  none.  CqHjqOj. 

Calculated  <70:  C  73.47;  H  10.26. 

From  the  third  fractions  (n*®D  1,4968  and  1,4978)  was  Isolated  a  viscous  liquid  which  was  2- methyl- 2-ethyl- 
-5-sec-butenyltetrahydropyranylidene-2*-methyl-2*-ethyl-5’-sec-hydroxybutyltetrahydro-y  -pyrone  (in). 

Hydrogenation  of  3,7-dimethyl-4-methylene-3-hydroxy-6-nonen-5-one  (II).  3,2  g  (n)  was  hydrogenated 
in  presence  of  0.03  g  PtOj  in  30  ml  acetic  acid  at  689  mm  and  28*  (the  catalyst  was  saturated  with  hydrogen  be¬ 
forehand).  985  ml  was  absorbed  (the  calculated  volume  for  4  H  is  889,4  ml).  The  catalyst  was  filtered  off,  ether 
was  added,  and  the  acetic  acid  was  neutralized  with  aqueous  sodium  carbonate  until  neutral  to  litmus.  The  ethereal 
solution  was  dried  with  Na2S04.  The  ether  was  driven  off,  and  the  residue  distilled  in  vacuo  to  give  2,0  g  (61,3‘l!t)) 
of  a  transparent,  mobile  liquid  corresponding  to  3,4,7-trimethyl-3-hydroxy-5-nonanone  (V). 

B.p.  101-102*  (11  mm),  d*®4  0.9114,  n*®D  1.4475,  MR  58.68;  calc.  59.15. 

Found  %  C  71.99,  72.40;  H  11.95,  11.89;  OH  8.62,  8.41.  M  210.7,  198.3.  CbHmO*. 

Calculated  C  72.00;  H  12.00;  OH  8.50.  M  200. 
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Hydrogenation  of  2- methyl-2-e-thyl~5“sec-butenyltetrahydropyranylidene-2*- methyl- 2*-eihyl-5*-sec-hy- 
droxybutyltetrahydro-y  -pyrone  (in),  a)  Up  to  addition  of  1  mole  of  hydrogen,  4,0  g  (III)  was  hydrogenated  over 
0,04  g  PtOj  in  65  ml  acetic  acid  at  699,1  mm  and  14*  (the  catalyst  was  previously  saturated  with  hydrogen). 
Theoretical  quantity  of  hydrogen  261,5  ml  (2  H),  After  283  ml  had  been  taken  up,  hydrogenation  was  stopped 
and  the  product  was  worked  up  as  usual  and  distilled  in  vacuo  to  give  3,2  g  (807o)  of  a  viscous,  light-yellow  liquid 
identical  with  2-methyl-2-ethyl-5-sec-butyltetrahydropyranylidene-2*-methyl-2*-ethyl-5'-sec-hydroxybutyl- 
tetrahydro-y  -pyrone  (VI), 

B.p.  171-172*  (2  mm),  d*®4  1,006,  n*®D  1,4865,  MR  112,60;  calc,  112.98. 

Found  %  C  72,90,  72,74;  H  10,62,  10.49;  OH  6.28  ,  6.08.  C,4H4i04. 

Calculated  %  C  73.09;  H  10.66;  OH  4.31. 

b)  Up  to  addition  of  2  moles  hydrogen.  9,1  g  (m)  was  hydrogenated  over  0,06  g  PtOj  in  65  ml  acetic  acid 
at  695,4  mm  and  20*  (the  catalyst  was  previously  saturated  with  hydrogen).  1100  ml  hydrogen  was  absorbed  (4  H 
requires  1220  ml).  The  product  was  worked  up  in  the  usual  manner  and  distilled  in  vacuo  to  give  8,2  g  (89.7%) 
of  viscous  liquid  corresponding  to  2-methyl-2-ethyl-5-sec-butyltetrahydropyranylldene-2*-methyl-2*-ethyl-5*- 
-sec-hydroxybutyltetrahydro-y  -pyrone  (Vn), 

B.p.  190-191*  (5  mm),  d*®4  1.006,  n*®D  1.4829,  MR  112.9;  calc.  113.4. 

Found  %  C  72.91,  72.78;  H  10.98,  10.98;  OH  5.59,  5.67.  M  399.1,  409.5.  0,4^4404- 

Calculated  %  C  72.73;  H  11.11;  OH  4.29.  M  396. 

Hydrogenation  of  2- methyl-2-ethyl-5-sec-butenyltetrahydro-y -pyrone  (IV).  5,1  g  (IV)  was  hydrogenated 
in  40  ml  acetic  acid  over  0.04  g  PtOj  (the  catalyst  was  previously  saturated  with  hydrogen).  767  ml  hydrogen 
was  taken  up  at  692.8  mm  and  21*  (calculated  for  2H;  695,4  ml).  The  product,  worked  up  in  the  usual  manner, 
was  distilled  in' vacuo.  4.2  g  (81.5%)  of  a  readily  mobile  liquid  was  collected;  in  all  of  its  analytical  data,  it 
corresponded  to  2- methyl-2-ethy^5-sec-butyltetrahydro-y -pyrone  (Vin), 

B.p.  80-82*  (2  mm),  d*®4  0.9283,  n*®D  1.4450,  MR  56.74;  calc.  57.07. 

Found  %:  C  72.95,  72.91;  H  10.82,  10.89.  M  204.7,  199.0.  CbH220j. 

Calculated  %:  C  72,80;  H  11.11.  M  198. 

Action  of  a  solution  of  H2SO4  (1;6)  on  2- methyl- 2-ethyl- 5-sec-butenyltetrahydropyranylidene- 2*- methyl- 
-2*-ethyl-5*-sec-hydroxybutyltetrahydro-y  -pyrone  (ni).  8.5  g  (HI)  was  stirred  with  36  ml  H2SO4  (1:6)  for  1  hr 
while  being  heated  on  a  boiling  water  bath  (96-98*),  The  products,  worked  up  as  in  the  hydration  experiments, 
were  distilled  in  vacuo.  Three  fractions  were  isolated:  1st,  b.p,  90-91*  (12  mm),  1.25  g  (29,4%),  n*®D  1,4540; 

2nd,  b.p.  150-152*  (12  mm),  0.7  g,  n*®D  1.4640;  3rd,  b.p.  177-179*  (4  mm),  4,2  g,  n*®D  1.4968. 

From  the  1st  fraction  was  isolated  a  transparent,  mobile  liquid  consisting  of  2-methyl-2-ethyl-5-sec-butenyl 
tetrahydro-y -pyrone  (IV)  with  b.p.  63-64*  (2  mm),  n*®D  1,4528.  The  3rd  fraction  was  unchanged  starting  sub¬ 
stance  (in). 

Action  of  H2SO4  solution  (1:6)  on  3,7-dimethyl-4-methylene-3-hydroxy-6-nonen-5-one  (II).  3.4  g  (II)  was 
stirred  with  7  ml  H2SO4  (1:6)  for  2  hr  at  room  temperature,  and  then  for  40  min  at  70*.  The  products,  after  the 
usual  working  up,  were  distilled  in  vacuo  to  give  three  fractions:  1st,  b,p.  82-110*  (5  mm),  0,25  g,  n*®D  1,4687; 
2nd,  b.p.  110-132*  (6  mm),  0.1  g,  n*®D  1.4760;  3rd,  b.p.  190-191“  (6  mm),  2.3  g  (67.6%),  n“D  1.4970. 

Redistillation  of  the  3rd  fraction  gave  a  viscous  liquid  corresponding  to  the  above- described  2-methyl-2- 
-ethyl-5-sec-butenyltetrahydropyranylidene-2*-methyl-2'-ethyl-5’-sec-hydroxybutyltetrahydro-y  -pyrone  (HI). 

B.p.  155-156*  (2  mm),  d^^  1.012,  n*®D  1.4961,  MR  113.2;  calc.  112.5. 

Found  %:  C  73.81,73.57;  H  10.09,  10.14;  OH  4.99,  4.92.  M  385.5.  C24H40O4. 

Calculated  %:  C  73.42;  H  10.20;  OH  4.33.  M  392. 
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Oxidation  of  3,7-dimethyl-4-methylene-3-hydroxy-6“nonen-5-one  (II)  with  KMn04  solution.  To  4.3  g  (U) 
in  50  ml  water  was  added  dropwise  a  4*70  solution  of  KMnO^,  which  was  equivalent  to  6  atoms  active  oxygen  per 
mole  of  (n).  Oxidation  went  very  easily  in  the  course  of  2-3  hr.  Only  0,15  g  Cn)  was  recovered  unchanged.  Two 
fractions  were  separated  from  the  neutral  products  in  a  column:  b.p,  71-72*  (0,4  g),  and  74,78*  (0.2g).  The  2,4- 
-dinltrophenylhydrazones  obtained  from  both  of  the  fractions  had  m.p,  113-114*,  and  did  not  give  a  depression 
with  authentic  methyl  ethyl  ketone  derivative.  Formic  acid  was  detected  (calomel  test)  among  the  volatile  acids. 
From  the  nonvolatile  acids  were  isolated  oxalic  acid  (1,7  g),  m.p,  101-102*  (mixed  melting  test),  and  a-methyl- 
-a-hydroxybutyric  acid  (1.2  g),  m.p,  71-72*  (mixed  melting  test). 

Oxidation  of  2-  methyl- 2-ethyl- 5-sec-butenyltetrahydropyranylidene- 2*-  methyl-2*-ethyl-5*-sec-hydtoxy- 
butyltetrahydro-y  -pyrone  (IQ)  with  KMn04  solution.  To  10  g  (HI)  in  50  ml  water  was  added  a  solution  of  18.93  g 
KMnO^  in  500  ml  water.  Oxidation  went  slowly.  Addition  of  the  whole  of  the  KMnO^  solution  involved  a  period 
of  10-12  hr.  5  g  (in)  was  recovered  unchanged.  The  whole  of  the  permanganate  was  therefore  consumed  for 
oxidation  of  5  g  (IE),  equivalent  to  6  active  oxygen  atoms  per  mole  of  substance.  From  the  neutral  products  was 
obtained  0,3  g  methyl  ethyl  ketone.  The  2,4-dinitrophenylhydrazone  melted  at  113-114*;  a  mixture  with  authen¬ 
tic  methyl  ethyl  ketone  2,4-dlnltrophenylhydrazone  melted  without  depression. 

Formic  acid  and  acetic  acid  were  detected  (by  the  calomel  and  cacodyl  oxide  test,  respectively)  among 
the  volatile  acids.  The  salt  of  acetic  acid  was  isolated  from  the  silver  salts. 

Found  *7?  Ag  64.04.  CHjCCXlAg. 

Calculated  Ag  64.67. 

From  the  nonvolatile  acids  were  isolated  1.0  g  oxalic  acid  with  m.p.  101-102*  (mixed  melting  test)  and 
0.9  g  a-methyl-a-hydroxybutyric  acid  with  m.p,  71-72*  (mixed  melting  test). 

Oxidation  of  2-methyl- 2-ethyl-5-sec-butyltetrahydro-y -pyrone  (IV).  To  3,6  g  (V)  in  50  ml  water  was 
added  dropwise  in  the  course  of  5-6  hr  a  solution  of  9.66  g  KMn04  in  250  ml  water,  corresponding  to  5  active 
atoms  of  oxygen  per  mole  of  substance.  From  the  neutral  products  of  oxidation  was  isolated  0,4  g  methyl  ethyl 
ketone,  which  gave  a  2,4-dinitrophenylhydrazone  with  m.p,  113-114*  (mixed  melting  test).  Formic  acid  and 
acetic  acid  were  detected  (by  the  calomel  and  cacodyl  oxide  test,  respectively)  in  the  volatile  acids  (1.06  g). 

The  silver  salt  of  acetic  acid  was  obtained.  From  the  nonvolatile  acids  were  isolated  0.7  g  oxalic  acid  with  m.p. 
101-102*  (mixed  melting  test)  and  0.5  g  a-methyl-a-hydroxybutyric  acid  with  m.p.  71-72*  (mixed  melting  test). 

Oxidation  of  (IV)  consequently  yielded  methyl  ethyl  ketone  among  the  neutral  products  and  formic,  oxalic, 
and  a-methyl-a-hydroxybutyrlc  acids  among  the  acids. 

SUMMARY 

1,  The  hydration  of  3,4,7-trlmethyl-5-nonyne-3,4,7-triol  was  studied. 

2,  It  was  shown  that  at  30-40*  under  hydration  conditions,  3,4,7-trlmethyl-5-nonyne-3,4,7-triol  is  trans¬ 
formed  into  a  dienic  ketoalcohol  (3,7-dimethyl-4-methylene-3-hydroxy-6-nonen-5-one),  which,  at  70-80*, 
undergoes  further  conversion  to  2-methyl-2-ethyl-5-sec-butenyltetrahydropyranylidene-2'-methyl-2*-ethyl-5*- 
-sec-hydroxybutyltetrahydro-y  -pyrone, 

3,  With  dilute  sulfuric  acid  at  96-98*  the  molecule  of  2- methyl- 2-ethyl-5-sec-butenyltetrahydropyranylld- 
ene-2*-methyl-2'-ethyl-5*-sec-hydroxybutyltetrahydro-y -pyrone  underwent  hydrolytic  cleavage  into  2  molecules 
of  the  substituted  tetrahydro-y  -pyrone, 

4,  A  mechanism  of  all  the  transformations  of  3,4,7-trimethyl-5-nonyne-3,4,7-triol  under  the  conditions 
of  the  hydration  reaction  is  advanced. 
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TERTIARY  TRIHYDRIC  ALCOHOLS  OF  THE  ACETYLENIC  SERIES 
AND  THEIR  TRANSFORMATIONS 

XIII.  THE  HYDRATION  OF  2,3,6-TRIMETHYL-4-HEPTYNE-2,3 .6-TRIOL 

V,  I.  Nikitina,  A.  B.  Zegel'man  and  A,  Kh.  Khamatov 
Institute  of  Chemistry,  Academy  of  Sciences,  Tadzhik  SSR 
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In  the  preceding  communication  [1],  we  described  the  hydration  of  3,4,7-trimethyl-5-nonyne-3,4,7-triol 
under  the  conditions  of  the  Kucherov  reaction.  This  reaction  went  with  formation  of  2-methyl-2-ethyl-5-sec“ 
butenyltetrahydropyranylidene-2’-methyl-2’“ethyl-5'-sec-hydroxybutyltetrahydro-y  -pyrone. 

In  the  present  communication,  we  present  the  results  obtained  in  the  hydration  of  2,3,6-trimethyl-4-heptyne- 
-2,3,6-triol  (I),  the  simplest  representative  of  this  series  of  triols. 

Hydration  of  (I)  was  conducted  at  about  40*.  and  only  one  product  was  isolated  -  2, 2-dimethyl- 5- hydroxy- 
isopropyltetrahydropyranylidene-2,2’-dimethyl-5'-hydroxyisopropyltetrahydro-y  -pyrone  (II).  No  intermediate 
products  could  be  Isolated,  in  contrast  to  what  occurred  in  the  hydration  of  3,4,7-trimethyl-5-nonyne-3,4,7-triol 
[1]. 

We  do  not  think  there  is  any  reason  why  the  mechanism  of  transformation  of  2,3,6-trimethyl-4-heptyne- 
-2,3,6-triol  should  differ  from  that  for  the  above-mentioned  nonynetriol.  On  the  contrary,  the  formation  in  the 
present  case  of  (II)—  a  compound  containing  two  hydroxyl  groups  —  only  confirms  the  previously  advanced  mecha¬ 
nism  since,  in  the  proposed  scheme,  the  substance  analogous  to  (II)  was  only  a  hypothetical  intermediate  product 
which  changed  into  the  product  of  its  partial  dehydration. 

In  the  present  case,  however,  only  the  action  of  dilute  sulfuric  acid  on  compound  (II)  at  about  100*  leads 
to  detachment  of  one  molecule  of  water;  this  process  takes  place  at  the  hydroxyisopropyl  group  located,  as  esta¬ 
blished  in  the  preceding  communication  [1],  at  the  tetrahydropyranylidene  ring.  It  results  in  formation  of  2,2- 
-dimethyl-5-isopropenyltetrahydropyranylidene-2*,2*-dimethyl-5'-hydroxyisopropyltetrahydro-y  -pyrone  (III). 
Under  these  conditions,  the  latter  undergoes  partial  hydrolytic  cleavage  to  2,2-dimethyl-5-isopropenyltetrahydro- 
-y  -pyrone  (IV)  and  (apparently)  to  2,2-dimethyl-5-hydroxyisopropyltetrahydro-y  -pyrone,  which  immediately  de¬ 
hydrates  to  (IV). 

The  composition  of  (III)  and  (IV)  is  confirmed  by  all  of  the  known  analytical  data.  Their  structure  is  also 
confirmed  by  their  oxidation  with  potassium  permanganate.  Oxidation  of  each  gives  identical  products:  acetone 
and  formic,  acetic,  oxalic,  and  tx-hydroxyisobutyric  acids. 

Hydrogenation  of  (U)  over  platinum  oxide  does  not  take  place  in  methanol  solution,  but  it  proceeds  fairly 
smoothly  in  acetic  acid  solution.  2  moles  of  hydrogen  are  taken  up,  the  first  of  which  exclusively  substitutes  one 
of  the  hydroxyl  groups.  Exactly  as  in  the  dehydration,  we  assume  that  hydrogenation  is  directed  at  the  hydroxyl 
group  at  the  hydroxyisopropyl  radical  in  the  tetrahydropyranylidene  ring.  This  leads  to  formation  of  2,2-dimethyl- 
-5-isopropyltetrahydropyranylidene-2’,2*-dimethyl-5'-hydroxyisopropyltetrahydro-y  -pyrone  (V).  The  second 
molecule  of  hydrogen  hydrogenates  the  double  bond  between  the  two  rings  to  form  the  fully  saturated  compound  — 
2, 2-dimethyl- 5-isopropyltetrahydropyranyl-2’2’-dimethyl-5*-hydroxyisopropyltetrahydro-y  -pyrone  (VI). 
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A  2,4-dinltrophenylhydrazone  could  only  be  obtained  for  (U).  Attempts  to  prepare  derivatives  of  ketones 
for  all  of  the  remaining  compounds  were  unsuccessful. 
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EXPERIMENTAL 

Hydration  of  2,3,5-trimethyl-4-heptyne-2,3,6-triol  (I).  The  triol  was  prepared  by  condensation  of  dimethyl- 
acetylcarbinol  with  dimethylethynylcarblnol  and  had  b,p,  122*  (2.5  mm)  and  m.p.  81-82*  (from  benzene).  These 
data  are  in  agreement  with  the  literature  [2]. 

18.5  g  trimethylheptynetriol  (I)  was  added  in  small  portions  to  a  mixture  of  36  ml  water,  6  ml  cone.  H2SO4 
and  1.35  g  HgSO^  with  vigorous  shaking.  Heat  was  evolved  and  the  temperature  was  kept  at  not  higher  than  40* 
by  cooling  the  reaction  flask  with  cold  water.  The  reaction  mixture  became  dark  red.  The  product  was  extracted 
with  ether.  The  ethereal  extracts  were  washed  with  sodium  carbonate  solution  and  water  until  neutral  to  litmus, 
and  dried  with  calcined  Na2S04.  The  ether  was  driven  off,  and  the  residue  recrystallized  from  ligroine.  Several 
recrystallizations  gave  10.50  g  (59.8%)  of  stout,  regular,  transparent  crystals  with  m.p.  127-128*,  consisting  of 
2, 2-dimethyl- 5-hydroxyisopropyltetrahydropyranylidene- 2*, 2’-dimethyl- 5*- hydroxylsopropyltetrahydro-y  -pyrone 
(II).  No  other  products  were  isolated. 

Found  %:  C  67.70,  67.79;  H  9.79,  9.77;  OH  10.12,  10.07.  M  365.3,  354.0.  C20H34O6. 

Calculated  %:  C  67.74;  H  9.67;  OH  9.60.  M  354. 

2,4-Dinitrophenylhydrazone:  m.p.  165-166*. 

Found  %  N  10.51,  10.59.  C26H38O8N4. 

Calculated  %:  N  10.49. 

Dehydration  of  2, 2-dimethyl- 5-hydroxyisopropyltetrahydropyranylidene-2*, 2*-dimethyl-5*-hydroxyisopropyl- 
tetrahydro-y -pyrone  (II).  5  g  pyrone  (II)  was  stirred  in  a  three-necked  flask,  fitted  with  mechanical  stirrer,  re¬ 
flux  condenser,  and  thermometer,  with  28  ml  H2SO4  solution  (1:6)  for  2  hr  while  heating  on  a  boiling  water  bath 
(bath  temperature  96*). 

The  products  were  worked  up  in  the  usual  manner  and  distilled  in  vacuo.  The  following  fractions  were 
collected:  1st,  71-72*  (14  mm),  0.9  g  (19%),  n*®D  1.4433;  2nd,  130-133*  (14  mm),  0.2  g,  n*®D  1.4620;  3rd,  161 
to  163*  (7  mm),  1.9  g  (40%),  n*°D  1.4900. 

The  71-72*  (14  mm)  fraction  was  a  transparent,  readily  mobile  liquid  with  a  camphor-like  odor.  Judging  by 
all  of  the  data,  it  is  2, 2-dimethyl- 5-isopropenyltetrahydro-y  -pyrone  (IV). 
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B.p.  78-79*  (20  mm).  d*®4  0.9330,  n*®D  1.4420,  MR  47.64;  CioHisO^p,  Calc.  47.37. 

Found  ‘Ife  C  71.97,  71.12;  H  9.49,  9.35.  CioHigOj. 

Calculated  %  C  71.44;  H  9.52. 

The  161-163*  (7  mm)  fraction  was  a  transparent,  poorly  mobile,  viscous  liquid  —  2,2-dimethyl-5-isopropenyl- 
tetrahydropyranylldene-2V2’-dimethyl-5’-hydroxylsopropyltetrahydro-y  -pyrone  (in). 

B.p.  137-138*  (2  mm).  d*®4  1.038  .  n*®D  1.4910,  MR  93.7f^  C20H52O4F,.  Calc.  94.01. 

Found  C  71.68,  71.64;  H  9.55,  9.50;  OH  4.79,  5.12.  C20H32O4. 

Calculated  %  C  71.43;  H  9.52;  OH  5.06. 

Oxidation  of  2,2-dlmethyl-5-lsopropenyltetrahydropyranylldene-2',2*-dlmethyl-5'-hydroxylsopropyltetra- 
hydro-y  -pyrone  (III)  with  KMn04  solution.  A  solution  of  13.1  g  KMn04  in  320  ml  water  was  added  dropwise  to 
4.0  g  (III)  in  50  ml  water  (the  amount  of  oxidizing  agent  was  equivalent  to  9  active  oxygen  atoms  per  mole  of 
substance).  Addition  of  the  whole  of  the  KMn04  solution  had  to  be  spread  over  8-10  hr  due  to  the  slowness  of 
oxidation.  0.2  g  liquid  was  isolated  from  the  neutral  products  of  oxidation,  and  gave  a  2,4-dlnltrophenylhydra- 
zone  with  m.p.  122-123*.  No  depression  in  admixture  with  authentic  acetone  2,4-dinitrophenylhydrazone. 

Steam  distillation  of  the  acidic  oxidation  products  gave  acids  whose  neutralization  consumed  151  ml  0.109  N 
NaOH  solution,  equivalent  to  0.655  g  NaOH.  Qualitative  tests  established  the  presence  of  formic  acid  (calomel 
test)  and  acetic  acid  (formation  of  cacodyl  oxide  and  analysis  of  the  silver  salt). 

Found  °k.  Ag  64.42.  CHjCOOAg. 

Calculated  Ag  64.67. 

From  the  nonvolatile  acids  were  Isolated  1.6  g  oxalic  acid  with  m.p.  101-102*  (mixed  melting  test)  and 
1.3  g  a-hydroxyisobutyric  acid  with  m.p.  78-79*  (mixed  melting  test). 

Oxidation  of  2, 2-dimethyl- 5- isopropenyltetrahydro-y -pyrone  (IV)  with  KMn04  solution.  To  3.0  g  (IV)  in 
50  ml  water  was  added  dropwise  a  solution  of  9.9  g  KMn04  in  300  ml  water.  Oxidation  extended  over  4-5  hr. 

From  the  neutral  products  was  isolated  0.3  g  acetone,  which  gave  a  2,4-dinitrophenylhydrazone  with  m.p.  124-125* 
(mixed  melting  test).  The  volatile  acids  (0.95  g)  were  found  to  include  formic  acid  (calomel  test)  and  acetic 
acid  (cacodyl  oxide  test).  The  silver  salt  of  acetic  acid  was  prepared.  From  the  nonvolatile  acids  were  isolated 
0.6  g  oxalic  acid  with  m.p.  101-102*  (mixed  melting  test)  and  0.6  g  a-hydroxyisobutyrlc  acid  with  m^).  78-79* 
(mixed  melting  test). 

Hydrogenation  of  2,2-dimethyl-5-hydroxyisopropyltettahydropyranylidene-2*2'-dimethyl-5-hydroxyiso- 
propyltetrahydro-y -pyrone  (II)  up  to  addition  of  1  mole  of  hydrogen.  0.03  g  PtO|  in  30  ml  acetic  acid  was  satur¬ 
ated  with  hydrogen.  Saturation  required  140  ml.  Addition  was  then  made  of  5.2  g  (n)  in  40  ml  acetic  acid.  The 
requited  volume  of  hydrogen  (2  H)  is  383.8  ml  at  694.2  mm  and  18*.  Hydrogenation  was  stopped  after  absorption 
of  420  ml.  The  catalyst  was  filtered  off.  The  acetic  acid  was  distilled  off  in  the  vacuum  of  a  water  jet  pump, 
and  the  residue  was  dissolved  in  ether.  The  ethereal  solution  was  washed  with  sodium  carbonate  solution  and 
water  until  neutral  and  dried  with  Na2S04.  The  ether  was  driven  off,  and  the  residue  was  distilled  in  vacuo  to 
give  4  g  (80.6‘iil))  of  a  yellowish,  viscous  liquid  —  2,2-dimethyl-5-isopropyltetrahydropyranylldene-2*,2*-dlmethyl- 
-5*-hydroxyisopropyltettahydro-  y -pyrone  (V). 

B.p.  141-142*  (2  mm),  n*®D  1.4810,  d*®4  1.021,  MR  94.21; C20H54O4F.  Calc.  94.51. 

Found  %  C  70.66,  70.84;  H  10.21,  10.20;  OH  5.50,  5.39.  C2oH3^4. 

Calculated  C  71.01;  H  10.06;  OH  5.03. 


hydro-y -pyrone  (V).  0.03  g  Pt02  in  20  ml  acetic  acid  was  saturated  with  hydrogen  (130  ml  required  for  satura¬ 
tion).  Addition  was  then  made  of  4  g  of  the  product  with  b.p.  141-142*  (2  mm)  in  30  ml  acetic  acid.  The  re¬ 
quired  volume  of  hydrogen  (2  H)  was  306.7  ml  (685.4  mm,  25*).  The  amount  absorbed  was  307  ml.  The  catalyst 
was  filtered  off,  the  acetic  acid  was  taken  off  in  the  vacuum  of  a  water  jet  pump,  the  residue  was  dissolved  in 
ether,  and  the  ethereal  solution  was  washed  with  sodium  carbonate  solution  and  water  until  neutral.  The  ether 
was  driven  off  and  the  residue  [3.5  g  of  viscous,  transparent  liquid]  was  twice  distilled  in  vacuo. 
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B.p.  129-131*  (1  mm),  n*®D  1.4752,  d*“4  1.014,  MR  94.50;  calc.  94.98. 

Found  %  C  70.52,  70.50;  H  10.74,  10.75;  OH  5.4,  5.2.  M  323,  325.6.  CjoHseO^. 

Calculated  C  70.58;  H  10.59;  OH  5.0.  M  340. 

The  compound  Is  2,2-dlmethyl-5-isopropyltetrahydropyranyl-2',2’-dimethyl-5*-hydroxylsopropyltetrahydro- 
-y  -pyrone  (VI). 

Hydrogenation  of  2,2-dlmethyl-5-hydroxylsopropyltetrahydropyranylldene-2* ,2*-dlniethyl-5*-hydioxylso- 
propyltetrahydro-y  -pyrone  (II)  up  to  addition  of  2  moles  hydrogen.  4  g  pyrone  (II)  was  hydrogenated  oyer  0.03  g 
PtO|  In  70  ml  acetic  acid  (after  the  catalyst  had  been  saturated  with  hydrogen).  600  ml  hydrogen  was  taken  up 
at  695.3  mm  and  15.5*.  The  required  yolume  of  hydrogen  (4  H)  Is  584.8  ml.  The  product  was  worked  up  as  In 
the  preceding  experiments,  and  distilled  In  yacuo  to  glye  3.3  g  (93.7%)  viscous  liquid  with  b.p.  129-130*  (1  mm), 
n*®D  1.4752.  It  was  2,2-dlmethyl-5-lsopropyltetrahydropyranyl-2*,2*-dlmethyl-5*-hydroxylsopropyltetrahydro- 
-y  -pyrone  (VI). 


SUMMARY 

1.  2,3,6-Trlmethyl-4-heptyne-2,3,6-trlol  was  hydrated  by  the  Kucherov  method. 

2.  It  was  shown  that,  under  the  conditions  of  the  Kucherov  reaction,  the  trlmethylheptynetrlol  Is  converted 
Into  2,2-dlmethyl-5-hydroxylsopropyltetrahydropyranylldene-2',2’-dlmethyl-5*-hydroxylsopropyltetrahydto-y  - 
-pyrone,  which  confirms  our  previously  suggested  mechanism  of  the  transformations  of  3,4,7-trlmethyl-5-nonyne- 
-3,4,7-trlol, 
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We  have  established  [1]  that  in  alcoholic  alkaline  media  monoarylidenecyclanones  are  very  easily  dimer¬ 
ized,  while  diarylidenecyclanones  not  less  easily  add  on  one  molecule  of  cyclohexanone.  Each  of  the  reactions 
constitutes  a  Michael  condensation: 


In  the  light  of  these  facts,  we  were  surprised  that  numerous  papers  [2-6]  on  the  condensation  of  cyclanones 
with  aromatic  aldehydes  mention  only  the  products  of  aldol  —  crotonic  condensation  and  never  refer  to  the  ftvma- 
tlon  of  1 ,5-dlketones  of  the  type  of  (I).  We  believe  the  reason  to  be  that  the  aldol-crotonic  condensation  of  all- 
cyclic  ketones  of  the  type  of  cyclohexanone  with  benzaldehyde  and  similar  aldehydes,  which  Is  usually  carried 
out  in  aqueous  alcoholic  media,  goes  with  exceptional  facility,  and  the  resulting  products  are  poorly  soluble  in 
the  media  in  question  and  are  immediately  removed  from  the  sphere  of  reaction.  For  purely  fortuitous  reasons, 
the  products  of  the  aldol-crotonic  condensation  were  therefore  assumed  to  be  the  end  products  of  the  reaction. 

With  these  considerations  in  mind,  we  condensed  cyclohexanone  with  benzaldehyde  under  conditions  such 
that  mono-  and  dibenzylidenecyclohexanones  remained  in  solution  after  their  formation.  After  standing  at  room 
temperature  for  two  or  three  days  (depending  on  the  alkali  concentration),  the  reaction  solutions  deposited  a 
voluminous  mass  of  white  crystals  of  benzylidenebenzylidenedicyclohexanone  (I)  (Ar  =  CcHb).  Consequently,  our 
hypothesis  was  confirmed.  We  thus  demonstrated  for  the  first  time  the  applicability  of  the  diketonlc  condensa¬ 
tion  [7]  also  to  the  field  of  condensation  of  alicyclic  ketones  with  aromatic  aldehydes. 

In  addition  to  dlketone  (I)  we  detected  in  the  reaction  products  a  small  quantity  (about  4*^)  of  phenyltri- 
cyclohexanolone  [2-phenyl-3,4-tetramethylenebicyclo-(3,3,l)-9-nonanone-4-ol]  (II),  which  is  easily  formed, 
according  to  our  earlier  results  [8],  from  monobenzylidenecyclohexanone  and  cyclohexanone. 
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The  reaction  mixture  can  therefore  only  contain  a  little  monobenzylidenecyclohexanone,  and  the  forma¬ 
tion  of  the  1 ,5-diketone  (I)  probably  proceeds  mainly  via  the  Michael  condensation  of  cyclohexanone  with  the 
intermediately  formed  dlbenzylidenccyclohexanone. 

EXPERIMENTAL 

Condensation  of  Cyclohexanone  with  Benzaldehyde 

Experiment  1.  A  solution  of  6  g  cyclohexanone  and  2  g  benzaldehyde  in  30  ml  0.3  N  alcoholic  NaOH  was 
allowed  to  stand  motionless  at  room  temperature.  After  3  days,  a  voluminous  precipitate  of  white  crystals  of 
benzylidenebenzylldenedlcyclohexanone  (I)  was  formed.  The  crystals  were  filtered  and  washed  with  alcohol  and 
then  with  water.  Yield  1,8  g  (51%),  m.p.  135-136*  (from  a  1:2  mixture  of  benzene  and  ligroine).  A  mixture 
with  a  standard  specimen  of  benzylidenebenzylldenedicyclohexanone,  recrystaliized  from  the  same  solvent  as 
was  used  for  the  preparation,  melted  without  depression. 

After  neutralization  with  dilute  hydrochloric  acid,  the  filtrate  deposited  a  soft  precipitate  which  solidified 
to  a  pale-yellow  amorphous  powder  after  standing  under  water.  Yield  1,3  g.  The  powder  did  not  crystallize. 

From  the  hot  acetone  solution  separated  0,17  g  crystals  with  m.p,  207-209*,  corresponding  to  phenyltricyclohex- 
anolone  (II)  [8]  and  identified  by  a  mixed  melting  test  with  an  authentic  specimen. 

Experiment  2.  This  experiment  differed  from  the  first  only  in  that  30  ml  of  1  N  NaOH  was  taken  Instead 
of  0.3  N  alcoholic  NaOH.  In  this  case,  the  precipitate  of  benzylldenebenzylldenedicyclohexanone  came  down 
on  the  second  day.  Yield  1.7  g.  As  in  the  first  case,  the  filtrate  deposited  a  noncrystallizing  product,  from  which 
was  obtained  0.15  g  (4.3%)  of  phenyltricyclohexanolone  (n). 

Condensation  of  Cyclohexanone  with  Dibenzylidenecyclohexanone 

A  mixture  of  2,5  g*  dibenzylidenecyclohexanone,  5  g  cyclohexanone,  and  30  ml  0.3  N  alcoholic  sodium 
hydroxide  was  left  at  room  temperature.  After  2  days  a  little  dibenzylidenecyclohexanone  was  still  undissolved. 
Another  10  ml  of  the  alkali  solution  was  added  to  dissolve  it.  On  the  third  day,  the  solution  set  to  a  crystal  slurry. 
The  crystals  were  collected  as  described  in  Experiment  1,  and  1,7  g  dry  crystals  was  obtained.  After  neutraliza¬ 
tion  and  dilution  with  water,  the  filtrate  deposited  a  soft  precipitate  which  solidified  after  standing  under  water. 
Recrystallization  from  alcohol  gave  a  further  0,7  g  crystals.  Total  yield  of  crystals  2,4  g  (70%).  Judging  by  the 
melting  point  and  the  mixed  melting  test,  the  crystals  consisted  of  benzylidenebenzylldenedicyclohexanone  (I). 

Consequently,  the  general  picture  of  the  formation  of  diketone  (I)  in  the  first  experiments  is  fully  Identical 
with  that  in  the  present  case,  except  that  here  the  yield  is  higher  and,  as  is  perfectly  natural,  the  formation  of 
phenyltricyclohexanolone  is  not  observed. 


SUMMARY 

Diketonic  condensation  of  cyclohexanone  with  benzaldehyde  is  effected.  It  is  shown  that  in  an  alcoholic 
alkaline  medium  cyclohexanone  and  benzaldehyde  give,  instead  of  the  usual  dibenzylidenecyclohexanone,  a 
1,5-diketone  (benzylidenebenzylidenedicyclohexanone).  A  reaction  mechanism  is  advanced. 
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We  observed  the  following  extremely  interesting  effect  on  attempting  to  condense  with  furfural  our  pre¬ 
viously  prepared  [1]  phenyl-(I)  and  furyl-(n)  tricyclohexanolones  [2-phenyl-  and  furyl-3,4-tetramethylene-bl- 
cyclo-(3,3,l)-nonan-9-one-4-ol],  and  also  furfurylidene-fural-dicyclohexanone  (ni)  [2];  under  the  action  of 
furfural,  compounds  (I),  (II),  and  (III)  are  fairly  easily  converted  into  difuralcyclohexanone  (IV)  (Scheme  1). 

This  cleavage  reaction  can  be  regarded  as  a  furfurolysis  since,  in  the  absence  of  furfural  .compounds  (I), 
(II),  and  (ni)  under  the  same  conditions  remain  substantially  unchanged.  It  is  interesting  that  a  similar  effect 
does  not  take  place  under  the  influence  of  benzaldehyde: 

Scheme  1 


OH 


The  process  can  be  represented  as  a  combination  of  the  following  two  main  reactions:  hydrolysis  and 
lydenic  condensation  of  the  products  of  hydrolysis  with  furfural.  The  proposed  mechanism  is  illustrated  by 
Scheme  2  (a,b). 


*  Furfural  displaces  benzaldehyde  from  benzylidenecyclohexanone,  and  this  process  can  also  be  regarded  as  the 
association  of  hydrolysis  with  lydenic  condensation  [3]. 
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Scheme  2 


The  cyclohexanone  and  furalcyclohexanone  formed  in  Reaction  (b)  further  condense  with  furfural  to  form 
dlfuralcyclohexanone. 

Alkaline  cleavage  of  cyclic  3 -ketones  (cyclohexanolones)  to  1 ,5- diketones  was  observed  by  Dieckmann 
and  Fischer  [4]  and  by  one  of  us  and  Bdrbulesku  [5].  This  reaction  is  the  reverse  of  the  Intramolecular  aldol  con¬ 
densation.  In  principle ,  the  latter  is  just  as  reversible  as  the  intermolecular  aldol  condensation.  Alkaline  cleav¬ 
age  of  1 ,5-diketones  is  the  reverse  of  the  Michael  reaction.  This  cleavage  has  been  described  in  the  literature 
[6.7.4]. 

Scheme  2  (a,b)  explains  the  furfurolysis  that  we  observed  as  a  process  of  linking  by  furfural  of  the  products 
of  hydrolysis  (I,  II,  m)  to  form  the  stable  dlfuralcyclohexanone  (IV)  which  is  difficultly  soluble  in  an  alcoholic 
medium,  due  to  which  the  equilibrium  in  the  system  is  shifted  in  the  direction  of  (TV). 

What  still  remains  obscure,  however,  is  why  a  similar  cleavage  does  not  take  place  in  presence  of  benz- 
aldehyde.  Benzaldehyde  could  also  be  expected  to  give  with  the  products  of  hydrolysis  (at  any  rate,  the  phenyl- 
ketol),  a  not  less  stable  dibenzalcyclohexanone  fairly  difficultly  soluble  in  alcohol  and.  therefore,  resulting  in 
an  equilibrium  shift  toward  formation  of  the  latter.  Probably  furfural  here  not  only  functions  as  a  bridge  between 
the  products  of  hydrolysis,  but  also  intervenes  directly  in  the  cleavage  of  the  ketols  and  1,5-diketones.  The 
mechanism  of  this  direct  action  is  still  obscure. 

EXPERIMENTAL 

Action  of  furfural  on  furyltricyclohexanolone  (n).  1.37  g  ketol  (m.p.  185-186.5*)  was  mixed  with  1.5  g 
furfural  and  20  ml  1  N  alcoholic  NaOH.  After  3  hr  at  room  temperature,  and  nearly  instantaneously  with  heat¬ 
ing  on  a  water  bath,  orange  crystals  of  dlfuralcyclohexanone  (IV)  were  formed,  m.p.  144-145*  (from  alcohol).  A 
mixture  with  authentic  dlfuralcyclohexanone  melted  without  depression.  Yield  of  crystals  1.1  g. 

Action  of  furfural  on  phenyltrlcyclohexanolone  (I).  This  reaction  proceeds  satisfactorily  when  a  large  ex¬ 
cess  of  furfural  is  used  and  the  mixture  is  heated.  1.42  g  ketol  (m.p.  207-209*)  is  mixed  with  7  g  furfural  and 
50  ml  of  1  N  alcoholic  NaOH.  The  solution  is  boiled  15  min  and  stood  at  room  temperature.  After  a  short  time. 
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orange  crystals  of  dlfuralcyclohexanone  (IV)  start  to  separate;  these  are  filtered  off  after  36  hr,  washed  with  al¬ 
cohol,  and  then  with  water,  and  dried  in  the  air.  Yield  0.65  g;  m.p.  143-145*  (from  alcohol).  No  depression  in 
admixture  with  authentic  dlfuralcyclohexanone. 

Found  C  75.86;  H  5.82. 

Calculated  %  C  75.59;  H  5.51. 

Action  of  furfural  on  furfurylidenefuraldicyclohexanone.  The  reaction  in  the  direction  of  formation  of  di- 
furalcyclohexanone  is  effected  with  the  same  facility  as  the  corresponding  reaction  of  the  furylketol  (U).  From 
a  solution  of  1  g  diketone  and  1  g  furfural  in  20  ml  1  N  alcoholic  NaOH  was  obtained,  after  3-4  hr,  0.5  g  of 
crystals  of  dlfuralcyclohexanone  (IV).  M.p.  143-145*  (from  alcohol).  A  mixture  with  authentic  substance  melted 
without  depression. 

Behavior  of  compounds  (I),  (n),  and  (m)  toward  benzaldehyde.  Experiments  were  conducted  as  above,  but 
using  benzaldehyde  in  place  of  furfural.  In  all  of  the  cases,  the  starting  compounds  (I),  (n),  and  (in)  were  re¬ 
covered  unchanged. 


SUMMARY 

1.  It  was  established  that  in  an  alcoholic  alkaline  medium  In  presence  of  furfural,  phenyl-  and  furyltrl- 
cyclohexanolones,  as  well  as  furfurylldenefuraldlcyclohexanone,  are  easily  cleaved  with  formation  of  dlfuralcyclo¬ 
hexanone.  This  process  goes  with  greater  facility  with  furyltrlcyclohexanolone  and  furfurylldenefuraldlcyclo- 
hexanone  than  with  phenyltrlcyclohexanolone. 

2.  Phenyltrlcyclohexanolone,  furyltrlcyclohexanolone,  and  furfurylldenefuraldlcyclohexanone  remain  un¬ 
changed  in  presence  of  benzaldehyde. 

3.  Ideas  about  the  mechanism  of  the  observed  process  of  furfurolysls  are  discussed. 
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We  know  that  the  oxo  synthesis  can  yield  a  number  of  aldehydes  which  are  starting  substances  for  the  synth¬ 
esis  of  primary  alcohols  [1 ,2]. 

In  the  present  work,  we  investigated  the  coproduction  of  Cf  to  Cg  alcohols  and  lower  ketones  (acetone  and 
methyl  ethyl  ketone)  from  oxo  synthesis  aldehydes  and  secondary  alcohols  on  the  basis  of  the  Meerweln-Ponndorf 
reaction  discovered  in  1925  [3].  Nearly  all  of  the  publications  dealing  with  this  reaction  recommend  reduction 

with  the  help  of  aluminum  Isopropoxlde  In  a 
medium  of  isopropyl  alcohol.  The  Isopropoxlde 
Is  a  strong  reducing  agent  [4].  Aluminum  eth- 
oxide  is  used  very  much  more  rarely;  while  be¬ 
ing  a  weaker  reducing  agent,  it  is  a  very  much 
stronger  catalyst  of  the  condensation  reaction  [5], 
Reduction  with  aluminum  sec-butoxlde  has  been 
rarely  applied.  Reference  has  been  made  only  to 
its  use  in  the  reduction  of  ketones  and  aromatic 
aldehydes  [6,7]. 

It  Is  noteworthy  that  the  Meerweln-Ponn¬ 
dorf  reaction  gave  the  best  results  for  ketones  [8,9]. 
In  the  reduction  of  aliphatic  aldehydes  susceptible 
to  condensation  reactions  (ether  and  aldol  con¬ 
densations),  the  reaction  goes  very  largely  in  the 
direction  of  formation  of  condensation  products, 
and  the  yields  of  alcohols  are  low  [10].  The  sole  exception  is  cltral,  which  is  reduced  to  the  extent  of  70%  [11]. 

An  excess  of  alkoxide  over  the  equivalent  amount  is  recommended  for  minimizing  the  quantity  of  condensation 
products  [12].  But  the  large  quantities  of  alkoxides,  and  the  relatively  low  yields  of  alcohols  make  the  process 
very  uneconomic.  Ketones  are  also  formed  in  the  reduction  of  aldehydes  to  alcohols  with  the  help  of  aluminum 
sec- alkoxides.  These  ketones  distil  over  with  the  solvent  during  the  reaction.  Means  for  Isolation  of  the  pure 
ketones  are  not  mentioned  in  the  literature. 

In  the  present  work,  we  developed  a  method  of  preparation  of  aliphatic  Cg  to  Cg  alcohols  and  ketones  (ace¬ 
tone  and  methyl  ethyl  ketone)  in  high  yields  and  with  low  consumption  of  aluminum  alkoxides  by  using  cobalt 
carbonyls  as  activators.  Starting  point  for  the  reduction  was  an  oxo  synthesis  hydrocarbon  solution  containing  28 
to  36%  Cg  to  Cg  aldehydes.  Reduction  was  performed  in  presence  of  aluminum  isopropoxlde  or  sec-butoxide  in  a 
solution  of  the  corresponding  alcohol. 

In  the  investigation,  the  influence  of  the  following  factors  on  the  yield  of  end  products  was  studied:  the 
activator  (cobalt  carbonyls),  quantity  of  catalyst,  the  polarity  of  the  solvent,  the  manner  of  addition  of  the  alde¬ 
hydes  to  the  aluminum  isopropoxlde  solution  (Tables  1  to  3).  The  velocity  of  reduction  was  also  studied  (see  figure). 


Acetone  yield  as  a  function  of  reaction  period.  Explana¬ 
tion  in  text. 
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TABLE  1 


Influence  of  Addition  of  Cobalt  Carbonyls  and  of  the  Polarity  of  the  Solvent  on  the  Process  of  Reduction  of  Cg— Cg 
Aldehydes.  Mean  Equivalent  Aluminum  Isopropoxide/ Aldehydes  Ratio  0.5:1 


Expt. 

No. 

Composition  of  starting 
material  ( in  °}o) 

Solvent 

%  concentration 
in  reac.  mix.  of 

Aldehydes 
reacted 
(in  %) 

%  yield  on  basis  of 
reacted  aldehydes 

alde¬ 

hydes 

acids 

esters 

for  aldehydes 

alde¬ 

hyde 

cobalt 

carbonyls 

of  ace¬ 
tone 

of  Cg  Cg 
alcohols'" 

1 

90 

- 

- 

- 

Isopropyl  alcohol 

22 

- 

98 

76 

70 

2 

91.5 

- 

— 

- 

The  same 

15.3 

— 

100 

75 

— 

3 

95 

- 

- 

- 

■  «f 

10.2 

- 

99 

73 

77 

4' 

95 

- 

- 

- 

•  ft 

10.2 

0.006 

97 

80 

87 

5 

89 

- 

- 

- 

\  Isopropyl  alcohol  + 

10.2 

0.004 

97 

88 

85 

6 

89 

- 

- 

- 

j 

i  heptane 

10.2 

0.003 

97 

84 

83 

7 

38 

2 

8 

6 

1  Isopropyl  alcohol  + 

12.8 

0.003 

99 

96 

93 

8 

27.9 

0.8 

7 

4 

1 

Cg— C7  hydrocarbons 

10.4 

~0.002 

97 

97 

96 

9 

30.3 

- 

11 

l.l 

\ 

from  0x0  synthesis 

10.7 

0.001 

98 

95 

90 

10 

28 

- 

11 

1.1 

L  catalyzate 

10.1 

0.001 

99 

94 

92 

!!•  • 

27.9 

0.8 

7 

4 

] 

10.7 

~0.002 

97 

85 

76 

*In  Expts.  4-6,  a  hydrocarbon  solution  of  cobalt  carbonyls  was  added  to  the  reaction  mixture  of  pure  aldehydes, 
while,  in  Expts.  7-10,  oxo  synthesis  aldehydes  containing  cobalt  carbonyls  remaining  after  the  reaction  were  used. 

•  •Experiment  performed  without  continuous  distillation  of  acetone  during  the  reaction. 

•  •  'Yield  calculated  with  allowance  for  the  4‘7o  alcohol  dissolved  in  the  aqueous  distillate  resulting  from  distilla¬ 
tion  with  steam. 


TABLE  2 


Influence  of  Amount  of  Aluminum  Isopropoxide  on  the  Yield  of  Cg— Cg  Alcohols 


Composition  of  starting 

Cone, of 

Experimental  conditions' 

Aldehydes 

Yield  on  basis 

Alum,  iso* 

Expt, 

No. 

material  (in  °h) 

aldehyde^ 

mean  equiv. 

equiv.  ratio  of 

reacted 

of  aldehydes 

(calc,  as 

alde¬ 

hydes 

alco¬ 

hols 

in 

ratio  of 

alum.  iso.  to 

(*70  initial 

consumed  (%) 

alum.)  con- 

acids 

esters 

solution 

alum.  iso. 
to  aldehyde: 
in  whole 
expt. 

aldehydes  .dur¬ 
ing  period  of 
add.  of  alde¬ 
hydes  to  reac. 
mixture 

quantity) 

acet¬ 

one 

Ce-Cg 

alco¬ 

hols 

sumed  in 
prod, of 
alcohols , 
ketones 

1 

36.5 

2.0 

6 

8 

13.7 

0.25:1 

(Whole  of  aide- 
1  hyde  added  tc 

_ 

. 

81 

_ 

2 

36.3 

2.0 

6 

7.5 

14.7 

0.50:1 

\  reaction  mix- 

98 

84 

80 

3.0 

3 

27.9 

0.8 

7 

4 

10.2 

0.50:1 

\  ture  .start  of 

98 

- 

83 

3.2 

4 

28.0 

— 

11 

1 

10.1 

0.55:1 

1  experiment 
33:1 

99 

94 

92 

3,0 

5 

30.3 

0.8 

7 

4 

10.8 

0.50:1 

174:1 

98 

95 

92 

2.8 

6 

27.9 

0.8 

7 

4 

10.4 

0.55:1 

792:1 

97 

97 

96 

2.9 

7 

31.0 

1.5 

6 

8 

12.5 

0.25:1 

360:1 

93 

92 

91 

1.4 

8 

27.6 

- 

11 

1 

11.0 

0.15:1 

102:1 

90 

83 

77 

1.0 

9 

38.0 

2.0 

9 

6 

11.0 

0.12:1 

- 

— 

84 

- 

- 

•In  Expts.  1-3  the  aldehyde  was  added  quickly;  in  Expts,  4-9  it  was  added  at  a  uniform  rate, 
•  'Alum,  iso,  -  Aluminum  Isopropoxide. 
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TABLE  3 

Reduction  of  Cj— Cg  Aldehydes  with  Aluminum  sec-Butoxlde  In  a  Medium  of  sec-Butyl  Alcohol  (mean  equivalent 
ratio  of  aluminum  butoxide  to  aldehydes  0.5:1) 


Composition  of  starting  material  (%) 

Concentration 

Aldehydes 

Yield  on  reacted  aldehydes  (%) 

aldehydes 

acids 

esters 

alcohols 

of  aldehydes  in 

reacted  (%) 

of  methyl  ethyl  of  Cg— Cg 

reaction  mixture 

ketone 

alcohols 

30 

- 

11 

1 

15 

97 

91 

86 

30 

- 

11 

1 

15 

97 

95 

91 

The  Influence  of  an  activator  was  studied  by  taking  aldehydes  In  some  experiments  free  of  cobalt  carbonyls, 
and.  In  other  experiments,  with  a  content  of  some  thousandths  of  a  percent  of  activator  (calculated  as  cobalt).  In 
the  first  case,  the  average  yield  of  alcohol  was  73%  and  that  of  acetone  74%  (Table  1,  Expts.  1-3).  In  the  second 
case,  using  0.003  to  0.006%  cobalt  (reckoned  on  the  aldehyde),  the  average  yield  of  alcohols  and  acetone  rose  to 
85%  (Table  1,  Expts.  4-6). 

The  yield  of  alcohols  and  acetone  Increases  still  further  (to  95%)  If  the  aldehydes  are  used  In  the  form  of 
the  mixture  as  obtained  in  the  oxo  synthesis  (Table  1,  Expts.  7-10),  and  which  contains  cobalt  carbonyls  formed 
In  the  process  of  carbonylation  (oxo  synthesis  catalyzate)  [1].  The  results  of  these  experiments  Indicate  that  the 
high  activity  (in  comparison  with  artificial  mixtures)  of  the  cobalt  carbonyls  remaining  in  the  oxo  aldehydes  is 
due  to  their  existence  in  a  more  active  form.  From  this  aspect,  this  process  of  coproduction  of  alcohols  and  ke¬ 
tones  acquires  great  practical  importance  for  oxo  synthesis  aldehydes  containing  traces  of  cobalt  carbonyls. 

The  experiments  showed  that  the  polarity  of  the  solvent  used  during  reduction  does  not  influence  the  yield 
of  alcohols  (Table  1,  Expts.  5,  6,  and  4).  Continuous  distillation  of  acetone  during  the  reaction  leads  to  increased 
yield  of  alcohols  (Table  1,  Expt.  11  and  Expts.  7-10). 

With  the  aim  of  establishing  the  effect  of  the  quantity  of  isopropoxide  on  the  reduction  process,  a  set  of 
experiments  was  run  with  equivalent  ratios  of  aldehyde  to  aluminum  isopropoxide  of  1:0.25  and  1:0.5.  The  re¬ 
sults  of  Expts.  2  and  3  (Table  2)  show  that  the  maximum  yield  of  alcohols  when  using  0.5  equlv.  of  catalyst  is 
83%;  about  15%  of  the  original  aldehydes  undergoes  secondary  transformations.  Subsequent  halving  of  the  quantity 
of  aluminum  isopropoxide  scarcely  affects  the  yield  (Table  2,  Expt.  1).  The  condensation  reaction  was  minimized 
by  changing  the  mode  of  addition  of  the  aldehydes  to  the  isopropoxide  solution.  The  aldehydes  were  not  intro¬ 
duced  instantaneously  at  the  start  of  the  experiment,  but  at  a  uniform  rate  throughout  the  reduction  process.  This 
.  operating  procedure  enables  the  yield  of  alcohols  to  be  increased  (Table  2,  Expts.  4-7)  by  an  average  of  10%,  and 
the  consumption  of  catalysts  to  be  decreased.  This  is  apparently  because,  at  each  instant  there  is  available  the 
excess  of  aluminum  isopropoxide  necessary  for  complete  reduction;  this  excess  is  formed  by  exchange  reaction 
between  the  aluminates  of  the  Cg  to  Cg  alcohols,  which  are  formed,  and  the  excess  of  isopropyl  alcohol. 

A1 

R,— CH2— 0-y  +CH3— CIIOH— CH3  ;;z!:  R,— CH2OH  4  Cn3-CH— CH3 

X 

OT 

where  iti  —  c»Hh,  c.Ht3,  C7H1,. 

Further  lowering  (to  0.12  equiv.)  of  the  quantity  of  catalyst  taken  for  the  reaction  sharply  affects  the  yield 
of  Cg— Cg  alcohols  (Expts.  8  and  9).  Evidently,  a  certain  proportion  of  the  isopropoxide  is  decomposed  by  traces 
of  water  and  organic  acid,  and  the  remaining  quantity  Is  insufficient  for  efficient  reduction. 

It  should  be  noted  that  the  reduction  of  aldehydes  In  presence  of  aluminum  alkoxides  goes  relatively  slowly, 
evidently  due  to  the  nonionic  character  of  the  reaction. 

It  appeared  of  interest  to  study  the  velocity  of  reduction.  With  this  objective,  a  mixture  of  aldehydes  and 
0.5  equiv.  aluminum  isopropoxide  in  isopropyl  alcohol  was  heated  30  min  at  the  boiling  point  of  the  reaction 
mixture,  the  resulting  acetone  being  distilled  off  continuously  and  analysis  being  carried  out  at  definite  intervals 
of  time  (see  diagram,  curve  1).  The  data  permit  the  conclusion  that  reduction  of  the  aldehydes  goes  to  the  ex¬ 
tent  of  70-80%  in  the  course  of  6-8  hr;  the  process  then  decreases  in  intensity  and  goes  very  slowly.  Our 
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investigations  showed  that  the  velocity  of  reduction  can  be  considerably  increased  by  uniform  addition  of  the 
aldehydes  to  the  aluminum  aikoxide  solution  instead  of  following  the  procedure,  recommended  in  the  literature, 
of  using  a  previously  prepared  mixture  of  aldehydes  and  alkoxides.  In  the  present  case,  under  otherwise  identical 
conditions,  the  reaction  goes  to  the  extent  of  IW’h  in  2  hr  (see  diagram,  curve  2).  The  acetone  resulting  from  the 
reaction  is  present  in  the  amount  of  about  5-10%  in  the  mixture  with  Isopropyl  alcohol  and  C5— C7  hydrocarbons. 

It  is  isolated  in  the  pure  form  nearly  quantitatively  in  a  30-40  plate  column. 

We  thus  established  the  following  optimum  conditions  for  reduction  of  Cg— Cg  aldehydes,  with  the  help  of 
aluminum  Isopropoxide:  utilization  as  feedstock  of  an  0x0  synthesis  catalyzate  containing  0.002-0.007%  cobalt 
in  the  form  of  carbonyls;  uniform  feeding  of  the  aldehydes  to  the  aluminum  Isopropoxide  solution;  continuous 
distillation  of  the  acetone;  average  equivalent  ratio  of  aldehyde  to  aluminum  isopropoxide  of  1:0.5  and  1:0.25. 
The  alcohol  yield  under  these  conditions  is  94%  calculated  on  the  aldehyde  reacted,  the  acetone  yield  is  95%, 
and  the  consumption  of  aluminum  isopropoxide,  calculated  as  aluminum,  is  1. 4-3.0%  calculated  on  the  alcohols 
and  ketones. 

We  employed  these  optimum  conditions  in  the  reduction  with  aluminum  sec-butoxide  in  a  medium  of 
sec- butyl  alcohol  (Table  3).  Uniform  addition  of  0x0  synthesis  aldehydes  to  a  boiling  solution  of  the  sec-butoxide 
(0,5  equlv.)  in  sec-butyl  alcohol  gave  a  yield  of  86-91%  Cg—Cg  alcohols  and  a  90-95%  yield  of  methyl  ethyl 
ketone  (Table  3). 


EXPERIMENTAL 


Starting  Substances 

1.  Hydrocarbon  solutions  obtained  after  0x0  synthesis  (0x0  synthesis  catalyzate)  containing  (wt.  %)  28-36 
Cg— Cg  aldehydes,  1-9  Cg— Cg  alcohols,  9-15  esters,  0,002-0.007  cobalt  carbonyls  (calculated  as  cobalt). 

2.  A  concentrated  aldehydes  fraction,  boiling  in  the  65-85*  range,  from  the  0x0  synthesis  catalyzate,  and 
containing  89-95%  aldehydes. 

3.  Aluminum  isopropoxide  and  sec-butoxide. 

Aluminum  alkoxides  were  prepared  by  Lund's  method  [13]  with  slight  modifications,  0,5  g  mercuric  chlo¬ 
ride  and  27  g  aluminum  wire  (previously  treated  with  alkali  solution  and  washed  with  alcohol  )  were  placed  In 
300  ml  of  the  anhydrous  alcohol.  The  mixture  was  refluxed  in  a  flask  and  2  ml  carbon  tetrachloride ,  and  a  crystal 
of  iodine  were  added.  As  soon  as  hydrogen  started  to  come  off,  the  heating  was  stopped,  but  it  was  renewed  when 
the  reaction  slowed  down.  After  complete  solution  of  the  aluminum,  unreacted  alcohol  was  at  first  distilled  off 
from  the  reaction  mixture  in  a  low  vacuum,  and  afterward  the  aluminum  aikoxide  was  distilled  off  at  a  residual* 
pressure  of  8-13  mm.  A  molar  solution  of  aluminum  aikoxide  in  the  corresponding  alcohol  was  used  in  the  work. 

Analysis  of  Starting  Substances 

Cg— Cg  aldehydes  were  determined  by  the  hydroxylamine  method,  esters  by  saponification  with  alcoholic 
alkali  (with  later  determination  of  the  quantity  of  alkali  neutralizing  the  organic  acid  resulting  from  the  saponi¬ 
fication),  carboxylic  acids  by  titration  with  0,1  N  NaOH,  and  cobalt  carbonyls  by  colorimetric  evaluation  of  an 
acetone  solution  of  cobalt  nitrite  (the  presence  or  absence  of  cobalt  was  qualitatively  checked  by  spectrography). 
It  was  impossible  to  determine  the  content  of  alcohols  accurately  since  the  acetylation  method  gives  too  high  re¬ 
sults  In  presence  of  a  large  quantity  of  aldehydes.  Their  amount  was  calculated  as  the  difference  between  the 
weight  of  substance  taken  for  the  experiment  (after  deducting  the  hydrocarbons)  and  the  sum  of  the  aldehydes, 
acids,  and  esters  found  in  the  product. 

Red  uction  Procedure 

Into  a  half-liter  flask  were  charged  50  ml  of  molar  aluminum  Isopropoxide  solution  in  150  ml  anhydrous 
isopropyl  alcohol  and  105  g  of  0x0  synthesis  catalyzate  (Table  2,  Expt,  2).  The  flask  was  connected  to  a  Hahn 
dephlegmator,  into  the  inner  reservoir  of  which  was  poured  acetone  to  a  depth  of  2  ml.  The  reaction  mixture 
was  heated  on  an  oil  bath  to  105-110*  in  order  to  effect  slow  distillation  of  the  acetone,  together  with  the  hydro¬ 
carbons  and  isopropyl  alcohol.  Reduction  was  continued  until  a  negative  reaction  for  acetone  was  obtained  with 
2,4-dinitrophenylhydrazlne,  and  then  the  bath  temperature  was  raised  to  135*.  At  the  conclusion  of  the  reaction 


1888 


the  residual  isopropyl  alcohol  was  distilled  off.  and  the  flask  content  was  hydrolyzed  with  hydrochloric  acid 
solution  and  subjected  to  distillation  with  steam.  The  oily  layer  of  distillate,  and  the  oily  residue  from  the  dis¬ 
tillation  flask  were  separated  from  water,  dried  with  anhydrous  sodium  sulfate,  and  analyzed  for  their  content  of 
alcohols  and  unreacted  aldehydes.  There  were  obtained  44.3  g  dry,  oily  layer,  which  contained  1.8*^  aldehydes 
and  alcohols,  and  10.4  g  oily  residue  which  contained  traces  of  aldehydes  and  20*^  alcohols.  The  alcohols 
In  the  products  were  determined  by  acetylation  with  acetic  anhydride  and  pyridine  followed  by  titration  of  the 
acetic  acid. 

For  characterization  of  the  alcohols,  the  dried  product  (40  g)  was  fractionated  at  a  residual  pressure  of  3  mm 
and  the  alcohols  in  each  fraction  were  determined  and  their  average  molecular  weights  were  found  by  the  cryo- 
scoplc  method:  1st,  60-90*,  30  g,  alcohols  content  93.5%,  123;  2nd,  90-110*,  4.2  g,  alcohols  content 

13.3%,  Mgyer,  200;  residue  3.7  g  containing  13.8%  alcohols.  During  the  reaction,  15.5  g  acetone  came  over 
with  isopropyl  alcohol  and  Cg—Cj  hydrocarbons  (5%  solution). 

A  large  number  of  the  experiments  (Table  1,  Expts.  1-11;  Table  2,  Expts.  4-9)  were  performed  by  our  modi¬ 
fied  procedure  (with  uniform  rate  of  addition  of  aldehydes  to  the  reaction  mixture). 

To  50  ml  of  molar  solution  of  the  isopropoxide  in  50  ml  Isopropyl  alcohol,  heated  to  boiling,  was  added 
96  g  0X0  synthesis  catalyzate  In  150  ml  alcohol  at  a  uniform  rate  in  the  course  of  24  hr*  (Table  1,  Expt.  7).  As 
the  result  of  the  reaction  46  g  dried,  oily  layer  was  obtained,  and  5  g  residue  (free  of  alcohols).  The  oily  layer 
was  fractionated  (5  mm)  to  give  two  fractions:  1st,  65-90*,  37.1  g,  98%  alcohols,  Mgygj^  118;  2nd,  90-150*, 

5.1  g,  28%  alcohols,  Mgyer.  1®^;  residue  1.7  g. 

During  the  reaction,  16.2  g  acetone  was  collected  in  10%  solution. 

Separation  of  Acetone  from  the  Alcoholic  Hydrocarbon  Solution 

Rectification  was  performed  in  a  30-40  plate  column,  and  95%  of  the  acetone  content  was  recovered, 

SUMMARY 

1.  A  method  was  worked  out  for  coproduction  of  Cg— Cg  alcohols  and  ketones  (acetone  and  methyl  ethyl 
ketone)  from  oxo  synthesis  aldehydes  and  secondary  alcohols  in  one  stage  in  presence  of  aluminum  alkoxides. 

2.  It  was  shown  for  the  first  time  that  cobalt  carbonyls  activate  the  process  of  reduction,  and  that  the  activ¬ 
ity  of  the  carbonyls  is  higher  when  use  is  made  directly  of  oxo  synthesis  aldehydes  Instead  of  an  artificially  pre¬ 
pared  mixture. 

3.  It  was  established  that  the  process  of  formation  of  alcohols  is  favored  by  addition  of  aldehydes  at  a  uni¬ 
form  rate  to  the  aluminum  alkoxide  solution,  and  also  by  continuous  distillation  of  the  ketones  formed  at  the 
same  time.  This  procedure  also  inhibits  condensation  reactions  of  the  aldehydes. 

4.  Optimum  conditions  were  worked  out  in  the  laboratory  for  reduction  of  Cg—Cg  aldehydes  in  presence  of 
aluminum  isopropoxide.  Under  these  conditions,  the  yield  of  Cg— Cg  alcohols  (calculated  on  the  reacted  alde¬ 
hydes)  is  94%,  and  that  of  acetone  is  95%;  the  consumption  of  aluminum  is  1.4-3%  of  the  alcohols  and  acetone 
produced. 

5.  Using  aluminum  sec-butoxide  in  sec-butyl  alcohol  solution,  the  oxo  synthesis  Cg— Cg  aldehydes  are  re¬ 
duced  to  alcohols  in  a  yield  of  89%  (on  the  aldehydes  reacted)  and  the  yield  of  methyl  ethyl  ketone  is  93%. 
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Diacetone  alcohol  (4-hydroxy-4- methyl- 2-pentanone)  is  obtained  by  condensation  of  acetone  in  presence 
of  catalysts.  Hydroxides  of  alkali  metals  [1-4],  of  calcium  [5,6],  and  of  barium  [7]  and  certain  other  substances 
[8,9],  have  been  used  as  catalysts. 

In  the  present  work,  we  used  suitably  prepared  ferric  hydroxide  [10]  for  this  purpose.  It  was  synthesized  by 
the  generally  accepted  laboratory  method  [11]. 

Use  was  made  of  four  specimens  of  ferric  hydroxide  prepared  by  ammoniacal  precipitation  from  ferric  sul¬ 
fate  under  various  conditions.  The  structure  of  the  specimens  was  determined,  and  they  were  compared  with  bar¬ 
ium  hydroxide  in  respect  to  catalytic  activity. 

EXPERIMENTAL 


Preparation  of  the  Catalyst 

225  g  Fe2(S04)^  *  9H2O  was  dissolved  in  400  ml  distilled  water.  The  solution  was  filtered  and  divided  into 
four  portions  of  120  ml  each.  Temperature  of  solution  before  precipitation  —  19*.  Precipitation  of  ferric  hydroxide 
was  performed  with  the  help  of  ammonia  solution  (d  0.946),  diluted  with  water  (1:1),  by  the  following  methods. 

1.  In  the  course  of  30  min,  92  ml  ammonia  was  added  dropwise  with  constant  stining  to  120  ml  of 
Fe2(S04)j  solution  (specimen  I). 

2.  92  ml  ammonia  was  added  quickly  to  120  ml  of  Fe2(S04)|s  solution  (specimen  II). 

3.  120  ml  Fe2(S04)^  solution  was  added  quickly  to  92  ml  ammonia  (specimen  m). 

4.  120  ml  Fe2(S04)s  solution  was  added  dropwise  with  constant  stirring  to  92  ml  ammonia. 

The  hydroxide  samples  were  filtered,  washed  until  the  wash  water  was  free  of  SO4*  ion  (test  with  BaCl2), 
dried  in  the  air,  and  analyzed  for  moisture  content  and  for  the  content  of  iron  (bismuthate  method)  and  SO4*  ion. 

The  specific  surface  and  the  structure  of  the  specimens  were  determined  by  the  method  of  adsorption  of 
CCI4  vapor  in  a  vacuum  apparatus  containing  a  McBain  quartz  balance.  Analytical  data  and  characteristics  of 
the  ferric  hydroxide  specimens  are  set  forth  in  Table  1. 

The  analyses  Indicate  that  a  considerable  amount  of  SO4*  ion  is  present,  except  in  specimen  2.  The  gel 
evidently  retains  considerable  quantities  of  SO4*  ion  in  the  process  of  formation  of  ferric  hydroxide ,  and  these 
ions  are  not  easily  removed  by  washing.  This  is  particularly  striking  in  specimen  III,  which  was  prepared  by  rapid 
addition  of  the  iron  salt  solution  to  the  ammonia  solution.  Absorption  of  SO4*  ions  by  hydroxides  has  been  pre¬ 
viously  noted  [12].  The  iron  content  of  the  pure  hydroxide  should  be  52,25%,  The  slightly  low  value  for  speci¬ 
mens  I,  III,  and  IV  can  be  attributed  to  absorption  of  504"  ions.  Concerning  specimen  11,  a  compound  of  the  type 
of  FeCXOH)  may  have  been  formed  in  addition  to  Fe(OH)j  and,  therefore,  the  iron  content  is  slightly  high  [13]. 
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TABLE  1 


Characteristics  of  the  Catalyst 


Specimen 

number 

Moisture 

content 

(%) 

so; 

m 

Fe’** 

Pore  volume  (ml/  mg) 

Specific 

total 

fine 

inter¬ 

connecting 

mett^  olf^bcii 
vapor  adsorption 

I 

10.4 

.3.29 

49.9 

0.1127 

0.1020 

0.0147 

64 

11 

11.4 

0.08 

58.5 

0.1686 

0.1160 

0.0360 

149 

III 

1.1..'i 

9.60 

49.1 

— 

— 

— 

9 

IV 

21.0 

2.52 

50.0 

0.1470 

0.1000 

0.0470 

141 

TABLE  2 

TABLE  3 

Transformation  of  Acetone  into  Diacetone  Alcohol 

Velocity  Constants  of  the  Reaction  at 

Various  Temperatures 

Percent 

Period  of  tiaris= 

Velocity 

Catalyst 

Velocity 
constant  *10“^ 

transformation 

formation  (hrs) 

constant  *10"* 

Temperature 

1 

-  --  ==^ 

ILi{()II)2 

21.95 

25 

2.68 

5.66 

F*‘(()||).,  1 

18.30 

26 

1.98 

550 

11 

45.36  • 

27 

5.66 

40 

2.90 

F.-lOlOalll 

6.22 

29 

0.06 

.30 

1.66 

Fi>(()H)t  IV 

23.71 

28 

2.03 

20 

0.98 

15 

0.76 

10 

0.60 

Investigation  of  the  structure  and  specific  surface,  by  the  method  of  adsorption  of  CCI4  vapor  in  a  vacuum 
apparatus  containing  a  McBaln  balance,  showed  that  all  of  the  specimens  except  II  possess  a  finely  porous  struc¬ 
ture.  In  the  classification  of  A,  V.  Kiselev  [14],  their  Isotherms  are  of  the  third  structural  type,  l,e„  the  type 
cliaracteristic  of  homogeneous  —  finely  porous  adsorbents  (Fig,  1).  In  their  form  they  resemble  the  isotherms  ob¬ 
tained  for  adsorption  of  aliphatic  alcohol  vapors  on  FefOH)^  gel  [15,16].  The  pore  radii  were  calculated  on  the 
basis  of  the  desorption  branches  of  the  Isotherms,  and  pore-size  distribution  curves  were  plotted  (Fig.  2),  The 
latter  show  that  the  effective  p>ore  radius  in  specimens  I,  II,  and  IV  must  be  15  A,  i.e.,  the  specimens  are  finely 
porous  and  contain  an  insignificant  number  of  interconnecting  pores.  As  we  see  from  Table  1 ,  specimen  U  has 
the  largest  pore  volume.  The  number  of  connecting  pores  increases  insignificantly  in  passing  from  specimen  I  to 
IV.  Specimen  m  was  completely  nonporous.  A  hysteresis  loop  is  absent  from  the  adsorption  isotherm.  It  is 
characterized  by  an  extremely  low  active  surface.  The  specimens  can  be  arranged  in  the  following  order  in  re¬ 
spect  to  the  magnitude  of  the  specific  surface;  II  >  IV  >  I  >  III  (Table  l).  It  should  be  noted  that  the  presence 
of  contaminating  SO4"  ions  in  the  specimens  of  course  lowers  their  active  surface  considerably,  the  804"  ions  be¬ 
ing  adsorbed  on  the  active  centers.  The  specimens  can  be  arranged  in  the -reverse  order  with  respect  to  the  number 
of  adsorbed  S04*  ions.  Rapid  addition  of  ammonia  solution  to  the  ferric  sulfate  solution  evidently  leads  to  a  hy¬ 
droxide  with  minimum  804"  ion  content  and  maximum  specific  surface.  The  reverse  order  of  addition  leads  to 
a  hydroxide  containing  much  S04*  ion,  and  completely  devoid  of  activity, 

A  study  was  made  of  the  adsorptive  activity  of  the  ferric  hydroxide  specimens  for  acetone  vapor.  For  this 
purpose,  a  weighed  sample  of  adsorbent  was  placed  in  a  desiccator, on  the  floor  of  which  was  a  layer  of  acetone. 
After  24  hr,  the  hydroxide  had  become  moist;  subsequently,  a  layer  of  liquid  appeared  over  it  and  steadily  in¬ 
creased  in  size.  The  phenomenon  of  isothermal  transfer  was  observed.  On  investigation,  this  liquid  was  found  to 
be  a  solution  of  diacetone  alcohol  in  acetone.  In  this  manner,  we  established,  for  the  first  time,  the  catalytic 
activity  of  ferric  hydroxide  in  the  condensation  of  acetone  to  diacetone  alcohol  [10]. 

P reparation  of  Diacetone  Alcohol 

A  filter  paper  cartridge  containing  2  g  of  catalyst  was  placed  in  a  modified  Soxhlet  apparatus,  in  which 
flooding  of  the  extractor  was  effected  continuously  instead  of  periodically,  20  g  acetone  was  pouted  into  the 
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Fig.  1.  Isotherms  of  adsorption  of  CCI4  vapor  on 
specimens  of  fenic  hydroxide.  Fe(OH)s  specimens: 
1)1;  2)  U;  3)  IV.  A  (mm/  g)  is  the  adsorption  in 
millimoles  per  gram  of  adsorbent;  P/  Ps  is  the 
relative  pressure. 
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Fig.  2.  Pore-size  distribution  curves.  Ferric  hy¬ 
droxide  specimens:  1)1;  2)11;  3)  IV;  dv/dris 
the  change  of  pore  volume  with  change  of  radius 
of  the  pores;  j  is  the  radius  of  the  pores,  in 
angstroms. 
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Fig.  3.  Relation  between  l/(c0  —  Cx)  and  reaction 
period.  1)  to  4)Specimens  of  Fe(OH)s;  5)  Ba(OH)^. 
Co  is  the  initial  concentration  of  acetone  in  moles; 
Cx  is  the  concentration  of  the  diacetone  alcohol 
formed  in  moles. 


50- ml  flask  of  the  apparatus  and  heated  on  a  water 
bath  with  continuous  stirring  to  65  ±  0.2*.  Catalysis 
temperature  55  ±  0.5*.  The  product  of  condensation 
of  acetone  in  presence  of  ferric  hydroxide  is  a  yellow 
liquid  with  a  faint  odor.  After  unreacted  acetone 
had  been  distilled  off,  the  reaction  product  was  frac¬ 
tionated  in  vacuo  to  give  a  colorless  liquid  with  b.p. 
43*  (1  mm),  n*®D  1.4240,  d”4  0.9420,  MRo  31.44; 
calc.  31.43. 

These  data  characterize  the  substance  as  di¬ 
acetone  alcohol. 

We  also  studied  the  kinetics  of  formation  of  di¬ 
acetone  alcohol  in  presence  of  barium  hydroxide 
and  of  specimens  of  ferric  hydroxide.  At  predeter¬ 
mined  intervals  of  time  we  determined  the  concentra¬ 
tion  of  dlacetone  alcohol  with  the  help  of  the  inter¬ 
ferometer.  Prolonged  boiling  led  to  partial  evapora¬ 
tion  of  acetone.  Therefore,  before  the  determination 
of  the  concentration,  the  flask  containing  the  reaction 
product  was  weighed  and  a  deficiency  of  acetone  was 
added.  A  calibration  curve  was  plotted  from  solutions 
of  dlacetone  alcohol  in  acetone. 

Formation  of  diacetone  alcohol  is  a  bimolecular 
reaction.  In  Table  2  are  set  forth  data  for  the  trans¬ 
formation  of  acetone  into  diacetone  alcohol  after 
25-28  hr  in  presence  of  Ba(OH)^  and  specimens  of 
Fe(OH)^.  The  velocity  constants  are  also  given. 

We  see  from  Table  2  that  the  percent  trans¬ 
formation  in  presence  of  specimen  n  is  twice  as  high 
as  in  presence  of  Ba  (OH)| ,  and  that  the  velocity  con¬ 
stant  with  this  specimen  is  two  and  more  times  higher 
than  with  barium  hydroxide,  which  is  usually  em¬ 
ployed  for  synthesis  of  diacetone  alcohol ,  both  in  the 
laboratory  and  in  industry  [17]. 

The  catalytic  activity  of  the  specimens  of 
catalyst  altered  in  the  same  order  as  the  adsorptive 
activity:  n  >  IV  >  I  >  in.  Specimens  with  higher 
surface  activity  are  more  active  catalytically. 

The  linear  relation  between  l/(co  —  Cx)  and 
reaction  period,  which  characterizes  a  bimolecular 
reaction,  is  Illustrated  in  Fig.  3  where  Cq  Is  the  initial 
concentration  and  Cx  is  the  concentration  of  the  prod¬ 
uct  formed. 

The  velocity  constant  of  the  reaction  at  two 
temperatures  (40  and  55*)  was  determined  for  the 
most  active  specimen,  n,  using  the  apparatus  illus¬ 
trated  in  Fig.  4.  The  latter  comprises  a  small  flask  a 
connected  to  a  condenser,  and  a  reaction  vessel  b 
which  contains  the  catalyst  and  a  thermometer.  The 
flask  was  placed  in  a  water  bath  at  65  i  0.1*.  The 


1893 


Fig.  4.  Apparatus  for  measurement  of  the  velocity 
constant  of  the  conversion  of  acetone  to  diacetone 
alcohol  at  various  temperatures. 


reaction  vessel  was  fixed  in  a  glass  jacket  connected 
to  an  ultrathermostat  for  maintenance  of  the  appro¬ 
priate  temperature  of  the  catalyzate.  Acetone  vap>or 
from  the  flask  condensed  in  the  condenser,  and  ace¬ 
tone  entered  the  reaction  vessel.  From  the  latter,  the 
catalyzate  returned  to  the  flask. 

The  activation  energy  was  calculated  by  the 
Arrhenius  equation  on  the  basis  of  the  velocity  con¬ 
stants  of  the  reaction.  It  is  9100  cal/  mole.  The  low 
value  bears  witness  to  the  catalytic  character  of  the 
process  under  investigation. 

Velocity  constants  for  various  temperatures, 
calculated  on  the  basis  of  the  activation  energy,  are 
presented  in  Table  3. 

The  reaction  velocity  is  seen  to  increase  with 
rising  temperature. 

SUMMARY 


1.  Depending  upon  the  method  of  preparation, 

it  is  possible  to  obtain  ferric  hydroxides  differing  in  adsorptive  and  catalytic  activities.  The  activity  increases 
with  falling  content  of  SO4"  ions. 

2.  The  possibility  of  using  ferric  hydroxide  as  a  catalyst  for  the  condensation  of  acetone  to  diacetone  alco¬ 
hol  was  established. 


3.  The  velocity  constant  of  the  condensation  reaction  in  presence  of  ferric  hydroxide  (specimen  II)  is  twice 
as  high  as  in  presence  of  barium  hydroxide. 
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ETHERS  CONTAINING  AN  ALLYLIC  DOUBLE  BOND 


V.  ETHERIFICATION  OF  FURFURYL  ALCOHOL  WITH  a.a.y  ./-SUBSTITUTED 
ALLYL  ALCOHOLS 

V,  I.  Pansevlch- Kolyada 
Belorussian  Polytechnic  Institute 
Original  article  submitted  May  22,  1958 

Very  few  ethers  of  furfuryl  alcohol  are  known.  An  obstacle  to  their  preparation  is  undoubtedly  the  facility 
of  cleavage  of  the  furan  ring  in  an  acid  medium,  especially  when  heated  —  the  most  usual  conditions  for  prepara¬ 
tion  of  ethers. 

Only  4  ethers  of  furfuryl  alcohol  have  been  reported  in  the  literature:  the  methyl,  ethyl,  n- propyl,  and 
Isoamyl  ethers,  which  were  obtained  by  heating  of  a  mixture  of  furfuryl  alcohol  and  the  appropriate  alkyl  iodide 
with  solid  potassium  hydroxide  [1].  The  methyl  and  ethyl  ethers  of  alkyl-  and  arylfurylcarbinols  [2-5],  and  the 
methyl  ether  of  dlphenylfurylcarbinol  [2]  are  known.  These  ethers  are  obtained  by  the  action  of  a  solution  of  hy¬ 
drogen  chloride  in  the  corresponding  alcohol  on  solutions  of  the  alkyl-  or  arylfurylcarbinols  at  room  temperature , 
sometimes  for  a  considerable  period.  They  are  also  formed  as  intermediates  in  the  transftvmatlon  of  alkyl-  and 
arylfurylcarbinols  under  the  action  of  hydrogen  chloride,  which  results  in  opening  of  the  furan  ring  and  formation 
of  esters  of  homologs  of  levulinic  acid  [2-6].  Ethers  of  alkyl-  and  arylfuryl  carbinols  are  formed  by  condensation 
of  alcoholates  of  these  alcohols  with  dimethyl-  and  diethylaminoethyl  chloride  [7].  Ethers  of  the  ketal  type  con¬ 
taining  the  2,5-dihydrofuran  ring  are  also  formed  by  short-period  heating  of  some  hydroxydlhydrofurans  with 
methyl  or  ethyl  alcohol  in  presence  of  a  few  drops  of  concentrated  acetic  acid  [8,9]. 

As  was  shown  in  the  preceding  communications  [10-12],  the  oc.a.y  ,y  -substituted  allyl  alcohols  that  we 
studied  very  easily  form  ethers  in  good  yields  under  mild  conditions.  Etherification  of  these  alcohols  only  occurs 
in  reaction  with  primary  alcohols  of  the  aliphatic  and  aromatic  series,  with  glycol,  with  glycerol,  and  with  other 
substances  containing  a  primary  alcohol  group. 

In  the  present  work,  we  exploited  this  characteristic  of  tetrasubstituted  allyl  alcohols  for  the  etherification 
of  furfuryl  alcohol. 

The  action  of  a  small  quantity  of  dilute  sulfuric  acid  on  solutions  of  2,4-dimethyl-2-penten-4-ol  (I),  2,4- 
-dimethyl-2-hexen-4-ol  (II),  2,4-dimethyl- 2-hepten-4-ol  (in),  2,4-dlmethyl-2-octen-4-ol  (IV),  2,4,7-trimethyl- 
-2-octen-4-ol  (V),  and  2-methyl-4-phenyl-2-penten-4-ol  (VI)  in  furfuryl  alcohol  (vn)  leads  to  formation  of 
ethers  of  furfuryl  alcohol  and  a, a,y,y -tetrasubstituted  allyl  alcohols  of  the  following  structure; 

CII3  lie— Cl  I 

r  II  II 

CH,— C^Cll— C— 0— CII2-C  CM 

I  I 

CII3  11  o 

(VllI)  H  =  CH5,  (IX)  R  =  C,Ht.  (X)  K  =  nr-C,ll„ 

(XI)  n=n  -c.H..  (Xii)  u=iso-^■^Itll.  (Xiii)  ii~  ".11,.. 

No  substances  other  than  ethers  (VIII)-(XIII)  were  found  among  the  products  of  the  reaction.  The  furan  ring 
is  therefore  not  opened  under  the  specified  conditions. 
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Characteristics  of  the  Prepared  Ethers 


Ether 

Boiling 

point 

„20 

.j20 

Found 

Empirical 

Calc. 

\m  ^ 

(pressure 
in  mm) 

found 

calc. 

c. 

H 

formula 

c 

li 

2,4-Dimethyl-4- 

-furfuryloxy-2- 

CijlIiflDj 

-pentene  (VIIl) 
2,4-Dimethyl-4- 

78-78.5° 

(^) 

1.47.*^^) 

0.9.544 

57.23 

.57..30 

73.90 

9.45 

74.19 

9..34 

-furfuryloxy-2- 
-hexene  (IJ(^) 

2,4- Dimethyl-4- 

101-102 

(2| 

1.47.52 

0.9529 

61. .52 

61.92 

74.88 

9.68 

75.00 

9.61 

-furfuryloxy-2- 
-  hexene  (Xj 

2,4-Dimethyl-4- 

116-118 

j 

1.4755 

0.9477 

66.02 

66.54 

7.5.78 

10.05 

C14H22O2 

75.67 

9.91 

-furfuryloxy-2-  ! 

-octene  (Xl) 

2,4,7-Trlmethyl-4- 

-furfuryloxy-2- 

1 

124-126 

(4.5) 

1.4739 

0.9.380 

70.75 

71.15 

76.06 

10.29 

Cl6^^24^^2 

76.21 

10.24 

-octene  (XII) 

2-Methyl-4- phenyl- 
-4-furiuryloxy-2- 
-pentene  (XIU) 

no— 120 
(1.5) 

1.4746 

0.9.362 

7.5.13 

7.5.77 

76..58 

10.29 

76.74 

10.47 

155-158 

(2) 

1.5408 

1.0.507 

76..54 

76.79 

j 

7.6!» 

(Jl7ll2o'^^2 

79.6.3 

7.87 

EXPERIMENTAL 

,y -Tetrasubstituted  allyl  alcohols  (l)-(VI)  were  synthesized  from  mesityl  oxide  (4-methyl-3-penten- 
-2-one)  and  the  appropriate  organomagnesium  compounds  (10-16). 

Preparation  of  ethers.  The  a,a,y  ,y -tetrasubstituted  allyl  alcohol  was  mixed  in  a  small  flask  with  freshly 
vacuum-distilled  furfuryl  alcohol  taken  in  a  quantity  slightly  larger  than  that  theoretically  required.  1-2  ml  of 
aqueous  solution  of  sulfuric  acid  (1:5)  was  then  stined  in.  This  resulted,  except  in  the  case  of  ethers  (Vin)  and 
(IX),  in  development  of  a  red  color  [especially  during  preparation  of  ether  (XIII)].  After  a  short  time,  the  tempera¬ 
ture  of  the  mixture  rose  by  5-6*.  The  mixture  became  cloudy  and  deposited  a  small  layer  of  water,  after  which 
the  temperature  usually  fell.  A  little  water  and  ethyl  ether  were  added  to  the  mixture.  The  ethereal  layer  was 
separated  and  dried  with  magnesium  sulfate  and  a  little  potassium  carbonate.  The  ethyl  ether  and  unreacted  fur¬ 
furyl  alcohol  were  distilled  off  in  vacuo.  The  reaction  product  was  next  distilled.  The  yield  of  ethers  was  good, 
except  that  of  ether  (XIII),  They  are  all  soluble  in  organic  solvents  and  decolorize  permanganate  solution.  Their 
physical  constants  and  analytical  data  are  set  forth  in  the  table. 

2.4- Dimethyl-4-furfuryloxy-2-pentene  (VIII).  Reaction  components  were  34.2  g  alcohol  (I),  39.2  g  alco¬ 
hol  (VII)  and  1  ml  H2SO4.  Yield  25.2  g  ether  in  the  form  of  a  colorless  liquid,  which  slowly  turned  yellow  when 
kept.  Yield  13*%, 

2. 4-  Dimethyl-4-furfuryloxy- 2-hexene  (IX).  17  g  alcohol  (II)  was  dissolved  in  30  g  alcohol  (VII)  and  1  ml 
sulfuric  acid  was  added.  There  was  obtained  12.8  g  ether  in  the  form  of  an  oily  liquid  which  was  colorless  at 
first,  but  turned  yellow  when  kept.  Yield  75*70, 

2.4-  Dimethyl-4- furfuryloxy-2-heptene  (X).  Components  were  22  g  alcohol  (III),  30  g  furfuryl  alcohol,  and 
2  ml  H2SO4.  The  solution  became  dark  red.  Working-up  by  the  above  procedure  gave  17.4  g  ether  in  the  form 
of  a  yellowish,  oily  liquid  which  acquired  an  orange  color  on  keeping.  Yield  19*%, 

2.4- Dimethyl-4-furfuryloxy-2-octene  (XI),  33  g  alcohol  (IV)  was  mixed  with  60  g  alcohol  (VII),  and  1.5  ml 
sulfuric  acid  was  run  in.  The  mixture  at  once  turned  red,  the  temperature  rose  from  15  to  21*,  and  the  liquid  be¬ 
came  cloudy.  There  was  obtained  26,5  g  oily,  straw-colored  liquid  which  became  red  on  keeping.  Yield  of  ether 
80*70. 
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2,4,7-Trlmethyl-4-furftiryloxy-2-octene  (Xn).  There  were  taken  10  g  alcohol  (V),  15  g  alcohol  (VII),  and 
2  ml  HjS04{  the  temperature  rose  from  17  to  24*,  and  after  an  hour  the  mixture  began  to  darken.  Water  and 
ethyl  ether  were  added,  and  the  mass  was  worked  up  as  above.  There  was  obtained  6.5  g  ether  in  the  form  of  an 
oily,  red  liquid.  Yield  65*7o. 

2-Methyl-4-phenyl-4-furfuryloxy-2-pentene  (Xin).  10  g  alcohol  (VI)  was  dbsolved  in  15  g  alcohol  (Vn) 
and  1  ml  sulfuric  acid  was  added.  The  mixture  at  once  turned  vivid  red  and  the  temperature  rose  from  18  to  20.5*. 
The  color  disappeared  when  the  mass  was  washed  with  water,  but  reappeared  on  drying.  There  was  obtained  3.2  g 
(32%)  ether  in  the  form  of  a  dark-red,  oily  liquid. 


SUMMARY 

1.  Furfuryl  alcohol  is  found  to  easily  undergo  etherification  with  0L,a,y  ,y -tetrasubstituted  allyl  alcohols 
in  presence  of  a  small  quantity  of  aqueous  sulfuric  acid  at  room  temperature. 

2.  Six  ethers  of  furfuryl  alcohol,  not  described  in  the  literature,  were  prepared  by  this  method:  2,4-di- 
methyl-4-furfuryloxy-2-pentene,  2,4-dlmethyl-4-furfuryloxy-2-hexene,  2,4-dlmethyl-4-furfuryloxy-2-heptene, 
2,4-dimethyl-4-furfuryloxy-2-octene,  2,4,7-trimethyl-4-furfuryloxy-2-octene,  and  2- methyl-4- phenyl-4- fur- 
fury  loxy-  2-  pentene . 
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THE  SYNTHESIS  OF  1  , 1  *  -  DIN  A  P  HTH  Y  L- 8  ,8  ’  -  DIG  A  RB  OX  Y  LIC 
ACID  FROM  NAPHTHALIMIDE 

A.  P.  Karlshln  and  D.  M.  Kustol 
Poltav  State  Institute  of  Pedagogy 
Original  article  submitted  February  3,  1958 


1, 1 ’-Dinaphthyl-8 ,8'”dicarboxylic  acid  is  extensively  employed  in  Industry  for  the  synthesis  of  dyes  of  the 
anthanthrol  series. 

We  know  from  the  literature  [1]  that  the  starting  substance  for  its  industrial  synthesis  is  1-naphthylamlne- 
-8-sulfonlc  acid.  Transformation  of  the  latter  into  l,l*-dinaphthyl-8,8*-dicarboxyllc  acid  necessitates  a  number 
of  complex  and  inconvenient  operations. 

This  acid  can  be  obtained  considerably  more  simply  by  starting  from  naphthalimlde,  which  is  very  readily 
accessible  [2],  The  literature  describes  a  method  for  the  transformation  of  naphthalimlde  into  the  lactam  of  1- 
-amlno-8-naphthoic  acid  (naphthostyrene)  in  56,5*70  yield,  and  for  transformation  of  the  latter  into  l,l'-dinaph- 
thyl-8,8*-dicarboxylic  acid  In  38,5%  yield,  reckoned  on  the  naphthalimlde  [3]. 

We  worked  out  a  method  of  transformation  of  naphthalimlde  into  li '-dinaphthyl-8 ,8 ’-dicarboxyllc  acid  in 
a  yield  of  about  I'iPh  without  separation  of  the  lactam  of  l-amino-8-naphthoic  acid, 

EXPERIMENTAL 

Hypochlorination  of  naphthalimlde.  4,7  g  naphthalimlde,  100  ml  water,  and  12  ml  30*!!^)  potassium  hydroxide 
solution  were  charged  into  a  250-300  ml  round-bottomed  flask.  The  mixture  was  boiled  until  the  naphthalimlde 
had  dissolved.  The  solution  was  cooled,  and  a  mixture  of  12  ml  30%  potassium  hydroxide  solution,  and  36  ml 
freshly  prepared  sodium  hypochlorite  (prepared  by  Raschig's  method  [4])  was  added.  The  mass  was  stirred  2  hr 
and  the  temperature  was  not  allowed  to  rise  above  25-26*.  The  initially  precipitated  crystals  dissolved  completely 
after  this  period.  Unreacted  hypochlorite  was  decomposed  by  addition  of  sodium  sulfite  solution.  The  resulting 
solution  contained  about  0.02  mole  (84%)  of  l-amino-8-naphthoic  acid  in  the  form  of  the  potassium  salt. 

Preparation  of  the  diazonium  salt  of  l-amino-8-naphthoic  acid.  The  solution  of  potassium  salt  of  1-amlno- 
-8-naphthoic  acid  was  introduced  into  a  half-liter  beaker,  fitted  with  stirrer,  containing  34  ml  30%  sulfuric  acid. 
The  temperature  was  not  allowed  to  rise  above  50*  during  this  operation.  Toward  the  end,  the  reaction  mixture 
was  strongly  acidic.  The  resulting  mixture  was  cooled  to  —4  to  0*and  1.5  g  sodium  nitrite  dissolved  in  10  ml  water 
was  added  in  the  course  of  8-10  min,  after  which  the  stirring  was  continued  for  another  15-20  min.  During  the 
whole  period,  the  temperature  was  not  allowed  to  rise  above  +2*;  the  solution  had  to  be  acidic  (positive  test  for 
nitric  acid).  After  completion  of  the  reaction,  the  diazotized  solution  was  neutralized  with  saturated  sodium 
carbonate  solution  until  weakly  acidic  to  Congo. 

Dlaryl  condensation  and  separation  of  l,l*-dinaphthvl-8, 8 ’-dicarboxyllc  acid.  With  energetic  stirring,  the 
prepared  suspension  of  diazonium  salt  was  added  in  the  course  of  1-2  min  to  a  solution  containing  4,25  g  cuprous 
chloride,  2,64  g  sodium  bicarbonate,  15  ml  28%  ammonia  solution,  and  30  ml  water.  The  mixture  was  stirred 
30-40  min  at  10-15*,  and  then  filtered.  On  the  filter  remained  0,55  g  precipitate  containing  0,2  g  of  unreacted 
lactam  of  l-amlno-8-naphtholc  acid.  An  excess  of  50% sulfuric  acid  solution  was  added  to  the  filtrate,  and  the 
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precipitate  was  filtered,  washed  with  water,  and  dried.  Yield  3.35  g  of  yellow  product  containing  2.93  g  1,1'- 
-dinaphthyl-8,8'-dlcarboxylic  acid  (determined  by  conversion  to  anthanthrone),  equal  to  12%  on  the  naphthalimide 
taken  into  reaction  and  75%  on  the  naphthalimide  reacted. 


Preparation  of  a  solution  of  the  potassium  salt  of  l-amino-8-naphthoic  acid  by  the  action  of  gaseous  chlo¬ 
rine  on  an  alkaline  solution  of  naphthalimide.  19.7  g  naphthalimide  and  1  liter  of  6%  potassium  hydroxide  solu¬ 
tion  were  put  into  a  round- bottomed  one-and-a-half-liter  flask  equipped  with  a  stirrer.  The  mixture  was  heated 
to  the  boil.  After  cooling  to  15*,  9.5  g  gaseous  chlorine  was  passed  in  the  course  of  30  min  into  the  resulting 
solution,  with  vigorous  stirring.  The  temperature  of  the  solution  was  not  allowed  to  rise  above  17*.  After  passage 
of  chlorine  had  ceased,  stirring  was  continued  for  an  hour  at  the  same  temperature.  The  excess  of  chlorine  was 
bound  by  addition  of  22  ml  1  N  sodium  sulfite  solution.  The  resulting  solution  could  be  used  for  preparation  of 
l,l'-dlnaphthyl-8,8*-dicarboxylic  acid  by  the  method  described  above. 


For  preparation  of  the  free  lactam  of  l-amino-8-naphthoic  acid,  the  above  solution  was  poured  into  70  ml 
concentrated  hydrochloric  acid  (d  1.18)  (the  liquid  must  have  an  acid  reaction).  The  solution  of  the  hydrochlo¬ 
ride  of  1- amino- 8-naphthoic  acid  was  introduced  into  280  ml  saturated  (16%)  sodium  carbonate  solution  and  fil¬ 
tered.  2.35  g  of  unreacted  naphthalimide  was  retained  on  the  filter.  The  filtrate  was  neutralized  with  acid  and 
boiled  5-10  min  for  decomposition  of  the  hydrochloride.  It  was  cooled  to  room  temperature,  and  the  resulting 
precipitate  was  filtered  and  treated  with  200  ml  3%  sodium  carbonate  solution  while  boiling  for  30  min.  After 
cooling,  the  precipitate  was  filtered  and  dried  at  105-110*.  There  was  obtained  12^5  g  of  lactam  of  1-amino- 
-8-naphthoic  acid  (m,p.  176-177*).  Yield  76%  on  the  total  naphthalimide,  and  86.2%  on  the  reacted  naphthalim¬ 
ide.  Treatment  of  the  sodium  carbonate  solution  with  hydrochloric  acid  lea  to  deposition  of  1.35  g  product  con¬ 
taining  U8  g  naphthalic  anhydride  (Identified  by  conversion  to  naphthalimide). 


SUMMARY 

1.  The  possibility  was  demonstrated  of  preparation  of  1, l'-dlnaphthyl-8, 8 '-dicarboxy  11c  acid  from  naphtha¬ 
limide  without  isolation  of  the  lactam  of  l-amino-8-naphthoic  acid.  Yield  72%. 

2.  It  was  established  that  the  lactam  of  l-amino-8-naphtholc  acid  can  be  obtained  by  the  action  of  gaseous 
chlorine  on  an  alkaline  solution  of  naphthalimide  at  15-17*.  Yield  86.2%. 

LITERATURE  CITED 

[1]  M.  A.  Chekalin,  Chemistry  and  Technology  of  Organic  Dyes  [in  Russian]  (1956)  p.  490. 

[2]  A.  P.  Karishln  and  D.  M.  Kustol,  J.  Gen.  Chem.  28  ,  692  (1958).* 

[3]  T.  Maki,  Sh.  Hashimoto  and  K.  Kamada,  C.A.  48  ,  3029  (1954). 

[4]  Yu.  V.  Karyakin,  Pure  Chemical  Reagents  [in  Russian]  (1947)  p.  408, 


*  Original  Russian  pagination.  See  C.B.  translation. 


1899 


DERIVATIVES  OF  DICARBOXYLIC  ACIDS 

I.  THE  ALKYLATION  OF  THE  DIETHYL  ESTER  OF  4-HYDROXYPHTHALIC  ACID 

S.  I.  Kanevskaya  and  V.  B.  Brasyunas 

Institute  of  Pharmacy,  Moscow  and  Kaunas  State  Institute  of  Medicine 

Original  article  submitted  June  29,  1958 


The  preparation  of  phenolic  ethers  containing  long  chains  of  carbon  atoms  has  for  long  been  a  fairly  com¬ 
plex  problem.  V.  M.  Rodionov  and  S.  I.  Kanevskaya  [1,2]  found  that  esters  of  p-toluenesulfonic  acid  are  good 
alkylating  agents  for  phenols.  This  method  was  later  successfully  extended  to  other  classes  of  organic  compounds. 

We  were  interested  in  the  possibility  of  obtaining  4-alkoxyphthallc  acids  in  good  yields.  In  view  of  the 
simplicity  of  Rodionov’s  method  of  alkylation  of  phenols  and  the  high  yields  obtained,  we  attempted  to  use  esters 
of  p-toluenesulfonic  acid  for  alkylation  of  the  diethyl  ester  of  4-hydroxyphthallc  acid.  We  alkylated  the  latter 
compound  by  heating  it  on  a  water  bath  for  1.5  hr  with  an  equimolar  quantity  of  sodium  ethoxide  and  a  10*^  excess 
of  the  corresponding  ester  of  p-toluenesulfonlc  acid.  We  found  that  the  reaction  does  not  go  to  completion:  on 
acidification  of  the  alkaline  solution  there  always  separates  a  small  quantity  of  unchanged  diethyl  ester  of  4-hy- 
droxyphthalic  acid  (this  can  be  used  again  for  alkylation).  Yields  of  pure  diethyl  esters  of  4-alkoxyphthallc  acids 
are  74-87%  (reckoned  on  the  ester  of  hydroxyphthallc  acid  going  into  reaction).  After  purification  by  vacuum 
distillation,  the  compounds  are  oily,  straw-colored  liquids  (see  Table  1  for  constants). 

The  diester  of  4-hydroxyphthalic  acid  was  alkylated  with  alkyl  halides  for  the  purpose  of  comparison.  Ex¬ 
periments  showed  that  alkylation  with  alkyl  iodides  goes  with  lower  yields  than  alkylation  with  esters  of  p-toluene¬ 
sulfonlc  acid,  but  with  better  yields  than  with  alkyl  bromides. 

The  esters  of  4-alkoxyphthalic  acids  that  we  synthesized  were  converted  to  the  corresponding  acids  and 
imides.  4-Alkoxyphthalic  acids  were  obtained  by  saponification  of  the  esters  with  alcoholic  alkali  for  2  hr.  Yield 
90-93%,  Recrystallization  from  water  gave  colorless  substances,  soluble  in  hot  water,  ethyl  alcohol,  and  acetic 
acid;  insoluble  in  benzene. 

4-Alkoxyphthalic  acids  were  converted  to  the  corresponding  Imides  by  the  amidation  technique  of  V.  M. 
Rodionov  and  A.  M.  Fedorova  [3].  The  imides  form  colorless  crystals,  poorly  soluble  in  hot  water,  soluble  in  alco¬ 
hol  and  acetic  acid.  The  compounds  crystallize  from  alcohol.  Yields,  melting  points,  and  analyses  of  the  4-al- 
koxyphthalimides  are  set  forth  in  Table  2, 


EXPERIMENTAL 

The  diethyl  ester  of  4-hydroxyphthalic  acid  was  synthesized  by  the  previously  described  methods  [4-6]  with 
slight  modifications  (at  the  stage  of  reduction  of  the  diethyl  ester  of  4-nitrophthalic  acid).  For  preparation  of 
esters  of  p-toluenesulfonic  acid,  see  [7,8]. 

Diethyl  ester  of  4-nitrophthalic  acid.  For  preparation,  see  [9,  10],  Yield  37%,  M.p.  33-34*. 

Diethyl  ester  of  4-amlnophthalic  acid.  To  a  solution  of  40  g  diethyl  ester  of  4-nltrophthalic  acid  in  220  ml 
anhydrous  alcohol  was  added  450  ml  concentrated  hydrochloric  acid  with  stirring  and  cooling.  This  was  followed 
by  addition  in  small  portions  of  30  g  zinc  dust  at  30-40*  in  the  course  of  2-3  hr.  The  mixture  was  stood  at  room 
temperature  for  15  hr,  diluted  with  water,  neutralized  with  10%  sodium  carbonate  solution,  and  extracted  with 
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TABLE  1 


Alkoxy 

group 

Yield  1 

(%) 

Boiling  point  I 
(pressure,  mm)  ] 

‘'a 

"d 

CHiO 

87 

156—1580(3) 

1.1576 

1.5155 

CjlLO 

77 

161-163  (3) 

1,1225 

1.5099 

H.-C<jH70 

74 

187-190  (6) 

1.1C.28 

1.5063 

78 

178—181  (4) 

1.0852 

1.5030 

TABLE  2 


Alkoxy  group 

Yield  (%) 

Mdltlng  point 

Formula 

%  nitrogen 

found 

calculated 

CH3O 

88 

220.5— 221  ..50 

C0H7O3N 

7.62,  7.62 

7.91 

89 

181  —182 

CioilnOgN 

7.(K),  7.10 

7.33 

H. -0,1170 

85 

154.5—155.5 

Ci,H„03N 

6.50, 6.63 

6.83 

H.-C4HnO 

83 

149.5—1.50.5 

Ci2Hj303.\ 

6.18,  6.28 

6..39 

ether.  After  the  ether  had  been  driven  off  and  the  residue  cooled,  the  resulting  crystals  were  washed  with  alcohol. 
Yield  24.5  g  (69«7t).  M.p.  95-96*  (from  alcohol)  [11]. 

Diethyl  ester  of  4-hydroxyphthalic  acid  was  prepared  as  previously  described  [6].  Yield  89%. 

Diethyl  ester  of  4-methoxyphthalic  acid.  10.7  g  diethyl  ester  of  4-hydroxyphthalic  acid,  90  ml  sodium 
ethoxlde  solution  (prepared  from  1.04  g  sodium),  and  9.2  g  methyl  p-toluenesulfonate  were  boiled  1.5  hr.  After 
cooling,  the  precipitate  was  filtered,  the  solvent  was  taken  off  in  vacuo,  and  the  residue  was  dissolved  in  ether 
and  extracted  with  5%  caustic  alkali  solution.  From  the  ethereal  layer  was  obtained  8.9  g  diethyl  ester  of  4- 
-methoxyphthalic  acid,  which  was  then  distilled  in  vacuo.  B.p,  156-158*  (3  mm).  Yield  8.1  g  (87%).  Acidifica¬ 
tion  of  the  alkaline  solution  gave  1.9  g  of  the  original  diethyl  ester  of  4-hydroxyphthalic  acid. 

The  esters  of  other  4-alkoxyphthalic  acids  were  obtained  under  similar  conditions.  Data  for  the  esters  are 
set  forth  in  Table  1. 

4-Methoxyphthalic  acid.  8.1  g  diethyl  ester  of  4-methoxyphthalic  acid  was  saponified  for  2  hr  with  a  solu¬ 
tion  of  alcoholic  potash  (from  4.5  g  potassium  hydroxide  and  20  ml  60%  alcohol).  The  solvent  was  driven  off; 
the  residue  was  dissolved  in  water  and  acidified,  and  the  precipitate  was  recrystallized  from  water.  Yield  5.5  g 
(87%).  M.p.  163-164*  [12]. 

4-Ethoxyphthalic  acid.  Yield  90%.  M.p.  155.5-156.5*  (from  water)  [12]. 

4-n-Propoxyphthalic  acid.  Yield  93%.  M.p.  150-151*  (from  water). 

Found  %:  C  58.89,  H  5.41. 

Calculated  %:  C  58.92;  H  5.39. 

4-n-Butoxyphthallc  acid.  Yield  91%.  M.p.  130-131*  (from  water). 

Found  %;  C  60.59;  H  5.96.  C]2Hi4C)5. 

Calculated  %.  C  60.50;  H  5.92. 

4- Methoxyphthall mide .  To  10  ml  acetic  acid  was  gradually  added  4  g  ammonium  carbonate  and  then  4  g 
4-methoxyphthalic  acid.  The  mixture  was  first  heated  0.5  hr  at  115-130*,  and  then  1.5  hr  at  160-180*;  there¬ 
upon,  90%  of  the  original  quantity  of  acetic  acid  was  distilled  off.  Crystals  came  down  on  cooling.  These  were 
washed  with  10%  sodium  carbonate  solution  and  water,  and  dried.  Yield  3.2  g  (88%).  M.p.  220.5-221.5*  (from 
alcohol)  [13]. 
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Other  4-alkoxyphthalimides  were  prepared  under  similar  conditions.  Data  appear  in  Table  2, 

SUMMARY 

1,  The  alkylation  of  the  phenolic  hydroxyl  of  the  diethyl  ester  of  4-hydroxyphthalic  acid  was  studied.  Al¬ 
kylation  with  esters  of  p-toluenesulfonic  acid  by  V.  M.  Rodionov's  technique  is  found  to  go  with  better  yields  than 
with  the  help  of  alkyl  halides. 

2.  It  was  shown  that  4-alkoxyphthalic  acids  are  amidated  with  good  yields  under  the  conditions  of  V.  M. 
Rodionov  and  A.  M.  Fedorova. 
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Notwithstanding  numerous  investigations  devoted  to  the  synthesis  and  study  of  local  anesthetics,  the  problem 
of  searching  for  new  anesthetics  is  still  urgent.  Local  anesthetics  are  found  among  various  classes  of  organic  com¬ 
pounds—  esters,  substituted  acid  amides,  urethanes,  amidines,  etc.  In  1946  it  was  found  [1]  that  N,N-dialkylamlno- 
alkyl  derivatives  of  phthalimide  have  mild  local- anesthetic  action  when  injected  subcutaneously. 

Accumulated  factual  material  indicates  that  the  local- anesthetic  action  of  organic  compounds  is  enhanced 
on  introduction  of  alkoxy  groups  into  the  molecule  [2-8];  this  prompted  us  to  synthesize  a  series  of  N,N-diethyl- 
aminoalkyl  derivatives  of  4-alkoxyphthallmldes  of  the  general  formula: 


RO 


O 


-|CH2l«-N 


C,H5 

C2H5 


Compounds  of  this  type  may  be  synthesized  either  by  fusion  of  the  corresponding  alkoxyphthalic  anhydrides 
with  dlethylaminoalkylamlnes  or  by  condensation  of  the  potassium  derivatives  of  4-alkoxyphthalimides  with  di- 
ethylaminoalkyl  chlorides. 

Bases  of  N,N-diethylaminoalkyl  derivatives  of  4-alkoxyphthalimides  were  prepared  by  us  through  condensa¬ 
tion  of  the  potassium  derivatives  of  4-alkoxyphthalimides  with  diethylaminoalkyl  chlorides.  These  bases  were 
purified  through  the  hydrochlorides;  in  most  cases,  they  were  crystallized,  with  the  exception  of  N,N-S-diethyl- 
aminoethyl- 4- butoxy phthalimide,  which  could  not  be  obtained  in  crystalline  form.  It  is  an  oily,  yellow-brown 
liquid.  All  the  other  synthesized  bases  are  light-yellow,  low-melting  crystalline  substances,  insoluble  in  water, 
and  readily  soluble  in  organic  solvents.  N,N-Diethylamlnoalkyl-4-alkoxyphthalimldes  were  characterized  in  the 
form  of  the  hydrochlorides.  In  order  to  obtain  the  latter,  the  bases  were  dissolved  in  absolute  ether,  and  alcoholic 
hydrogen  chloride  solution  added.  The  separated  hydrochlorides  quickly  crystallized.  They  are  readily  soluble 
in  water  and  in  ethyl  and  other  alcohols,  and  insoluble  in  ether  and  benzene.  Melting  points,  yields,  and  analyti¬ 
cal  data  for  all  substances  obtained  are  given  in  the  table. 

Pharmacological  investigation  of  the  compounds  synthesized  by  us  showed  that  our  hypothesis  with  regard 
to  the  enhancement  of  the  anesthetic  activity  on  introduction  of  alkoxy  groups  into  the  molecule  was  correct. 
Actually,  N  J^-dlethylamlnoalkyl-4-alkoxyphthallmides  (especially  the  propoxy  and  butoxy  derivatives)  in  the 
form  of  a  0.1*70  solution  are  strong  surface  anesthetics,  while  similar  derivatives  which  do  not  contain  alkoxy 
groups  (N,N-y  -dlethylamlnopropylphthallmide  hydrochloride)  are  quite  Inactive  (as  surface  anesthetics)  even  in 
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N,N-Diethylaminoalkyl-4-alkoxyphthalimides  and  Their  Hydrochlorides 
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the  form  of  a  \%  solution.  The  methoxy  derivative  is  a  mild  surface  anesthetic.  Considerable  strengthening  of 
activity  is  observed  in  the  case  of  the  ethoxy,  and  especially  the  propoxy  and  butoxy  derivatives.  Lengthening 
of  the  chain  of  carbon  atoms  in  the  imide  part  of  the  molecule  (replacement  of  ethyl  by  propyl)  leads  to  an  in¬ 
crease  in  the  duration  of  the  anesthetizing  action,  but  in  this  case  the  toxicity  of  the  compounds  grows.  N,N-0- 
-diethylaminoethyl-4-butoxyphthalimide  hydrochloride  has  the  most  favorable  pharmacological*  properties. 

EXPERIMENTAL 

Potassium  4-methoxyphthalimide.  A  1.8  g  quantity  of  4-methoxyphthalimide  and  90  ml  of  anhydrous  alco¬ 
hol  were  boiled  until  the  solid  matter  was  completely  dissolved,  a  solution  of  0.56  g  of  potassium  hydroxide  in 
2  ml  of  75*7o  alcohol  was  added  to  the  hot  solution,  and  the  latter  was  quickly  cooled.  The  precipitated  potassium 
4-methoxyphthalimide  was  separated  out,  a  second  1.8  g  portion  of  4-methoxyphthalimide  was  added  to  the 
mother  liquor,  and  the  whole  process  was  repeated.  The  two  portions  of  potassium  4-methoxyphthalimide  were 
combined  and  washed  with  acetone.  Yield  4,2  g  (95%), 

The  potassium  derivatives  of  other  4-alkoxyphthalimides  were  obtained  under  similar  conditions.  Yields 
varied  in  the  range  83-96%, 

N,N-y  -Diethylaminopropyl-4-methoxyphthalimlde  hydrochloride.  A  mixture  of  2.15  g  of  potassium  4- 
-methoxyphthalimide,  3  g  of  freshly  distilled  diethylaminopropyl  chloride,  and  12  ml  of  anhydrous  alcohol  was 
heated  for  11  hours  at  90-95*  in  a  flask  provided  with  a  reflux  condenser  and  a  calcium  chloride  tube.  At  the 
end  of  the  reaction  the  precipitate  formed  was  filtered  out,  the  alcohol  was  distilled  off  in  vacuo,  the  base  was 
converted  to  the  hydrochloride  by  being  dissolved  in  5%  hydrochloric  acid,  and  the  solution  was  extracted  with 
ether.  The  aqueous  acid  solution  was  filtered  and  neutralized  to  litmus  with  5%  alkali  solution.  The  separated 
base  was  extracted  with  ether,  the  ethereal  solution  was  washed  with  water  and  dried  with  sodium  sulfate,  and  the 
ether  was  distilled  off.  N,N-y -diethylaminopropyl-4-methoxyphthalimide  gradually  crystallized  on  cooling. 

Yield  2,1  g  (72%),  m.p.  40-41*.  To  obtain  the  hydrochloride,  the  base  was  dissolved  in  dry  ether  and  alcoholic 
hydrogen  chloride  solution  was  added  until  an  intense,  white  turbidity  developed.  On  standing  in  a  cooling  mix¬ 
ture,  the  hydrochloride  quickly  crystallized.  It  was  filtered  out,  washed  with  ether,  and  recrystallized  twice  from 
isopropyl  alcohol;  m.p.  167-168*.  The  substance  was  readily  soluble  in  water  and  alcohol,  and  insoluble  in  ether 
and  benzene. 

Other  N,N-diethylaminoalkyl-4-alkoxyphthalimide  bases  were  obtained  under  similar  conditions.  In  con¬ 
trast  to  N,N-y -diethylaminopropyi-4-alkoxyphthalimIdes,  however,  N,N-6 -diethylaminoethyl-4-alkoxyphthalIm- 
ides  are  very  easily  cleaved  in  aqueous  acid  solution  to  the  conesponding  4-alkoxyphthalic  acids.  Therefore, 
only  the  first  of  them  can  be  purified  through  the  hydrochlorides  under  the  conditions  described  above.  In  the 
case  of  N,N-fl-diethylaminoethyl-4-alkoxyphthalimides  it  was  expedient  to  convert  the  bases  to  hydrochlorides 
by  addition  of  alcoholic  hydrogen  chloride  solution  and  subsequent  dilution  with  a  small  amount  of  anhydrous  alco¬ 
hol.  Sufficient  ether  was  then  added  to  this  solution  to  prevent  precipitation  of  the  hydrochlorides,  after  which 
5%  alkali  solution  was  slowly  added  until  an  alkaline  reaction  was  obtained  with  litmus.  The  separated  bases 
were  converted  to  hydrochlorides,  as  described  above.  Melting  points,  yields,  and  analytical  data  for  the  sub¬ 
stances  obtained  are  given  in  the  table. 


SUMMARY 

A  series  of  N,N-diethylaminoalkyl-4-alkoxyphthalimides  and  their  hydrochlorides  have  been  prepared 
through  the  interaction  of  diethylaminoalkyl  chlorides  and  the  potassium  derivatives  of  4-alkoxyphthalimides. 

Some  of  the  synthesized  substances,  in  the  form  of  0.1%  aqueous  solutions,  have  pronounced  surface-anes¬ 
thetic  properties.  The  most  active  of  the  synthesized  compounds  are  the  butoxy  derivatives. 
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Among  the  natural  polyenic  pigments,  oxygen- containing  carotenoids  constitute  an  important  group.  Among 
the  marine  invertebrates  and  algae, myxoxanthine,  which  has  vitamin  A  activity,  is  abundant.  The  chemical 
structure  of  this  compound  has  not  been  fully  determined;  besides  the  0 -ionic  ring  and  the  polyene  chain  usual 
for  carotenoids,  myxoxanthine  contains  a  cyclic  [1,4]  or  aliphatic  [2,3]  grouping  with  a  carbonyl  group  in  posi¬ 
tion  4  [(I)  or  (U)]: 
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In  searching  for  a  way  to  synthesize  this  part  of  the  molecule  of  the  carotenoid  myxoxanthine.  we  considered 
the  possibility  of  hydrating  an  acetylenic  aldehyde  —  3,7-dimethyloctadien-2,6-yn-4-al  (III)“  according  to  the 
scheme  (m)  -  (IV)  -  (V): 
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The  trend  of  hydration  toward  the  formation  of  (IV)  or  the  product  of  prototropic  rearrangement  [5],  occur¬ 
ring  in  the  course  of  the  reaction  (V),  may  be  the  result  of  formation  of  an  intermediate  complex  and  a  final 
compound  stabilized  by  conjugation  of  unsaturated  bonds.  Furthermore,  the  hydration  of  the  acetylenic  bond 
could  also  be  directed  toward  combination  with  isolated  carbonyl  groups  (VI),  since  the  hydration  of  acetylenic 
ketones  and  acids  leads  mainly  to  the  formation  of  0 -dicarbonyl  compounds  [6-8],  whereas  the  inclusion  of  a 
CH, 

—  CH=C“  group  between  the  carbonyl  group  and  the  one  being  hydrated  could  not  change  the  direction  of  polari¬ 
zation  of  the  triple  bond  [9].  The  effect  of  alkyl  substituents  also  could  facilitate  the  formation  of  (VI),  since 
the  elements  of  water  add  to  the  triple  bond  of  the  unsymmetrical  dienynes  in  such  a  way  that  the  oxygen  be¬ 
comes  attached  to  the  carbon  bound  to  the  substituted  (or  most  substituted)  vinyl  radical  [10,11]. 

3,7-Dimethyloctadien-2,6-yn-4-al  (HI)  was  synthesized  according  to  the  scheme; 
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<  Grlgnard  reaction 
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Compound  (m)  was  hydrated  by  an  aqueous- methanolic  solution  of  mercuric  sulfate,  with  cautious  heating. 

The  first  evidence  in  favor  of  the  formation  of  (IV)  or  (V)  is  the  absence  of  a  color  reaction  between  the 
hydration  product  and  ferric  chloride,  since  compound  (VI)  must  be  enolized.  From  the  hydration  product  there 
is  obtained  a  crystalline  semicarbazone  with  m.p.  152-153*,  corresponding  In  composition  to  the  ketoaldehyde 
CioHj^C^. 


For  comparison  of  the  optical  and  polarographic  properties  of  the  compound  obtained,  ketoaldehyde  (XI), 
having  a  known  disposition  of  carbonyl  groups,  was  synthesized,  and  its  aldehyde-derived  semicarbazone  (XII), 
m.p.  197-198*,  as  well  as  its  semicarbazone  with  the  semlcarbazlde  radical  known  to  be  substituted  into  the  keto 
group  (XIV),  m.p.  167-167.5*,  was  prepared  according  to  the  scheme: 
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Characteristics  of  the  Polarograms  of  Semicarbazones  of  Unsaturated  Carbonyl 
Compounds 


Semicarbazone 

Wave 

Buffer  of  pH  6 

Buffer  of  pH  10 

E^* 

(XIV) 

(XU)  1 

Of  the  ketoaldehyde  | 
being  investigated  J 

Forewave 

1  Main  wave 

i 

i  Fore  wave 

1st  wave  (two 
inflections) 

-0.90 

-0.90 

-1.10 

-0.6- 0.7 

-0 .9-1.1 

1 

1 

] 

.1 

~5.0 

1  ~5.0 

1  1.2 

-0.90 

-0.90 

-1.11 

-0.7 

-1.0 

I 

2nd  wave 

-1.75 

3.2 

-1.8 

Of  the  3,7-dlmethyl-/ 

j  1st  wave 

-1.15 

~0,4 

-1.2 

octadlen-2,6-yn-  j 
-4-al  (m)  ' 

1  2nd  wave 

-1.75 

4.2 

-1.75 

Comparison  of  the  UV-absorption  spectra  of  the  semicarbazones  of  the  ketoaldehyde  CjoHi40|  (Fig.  1),  and 
the  simpler  ketoaldehyde  (XI)  shows  that  they  nearly  coincide  with  respect  to  position  (308  and  307  mp  ,  respec¬ 
tively),  and  Intensity  of  the  longwave  maximum  and  confirms  the  community  of  structure  of  these  compounds 
with  respect  to  the  mutual  disposition  of  the  carbonyl  groups.  Investigation  of  its  absorbance  for  UV  light  in  sol¬ 
vents  differing  considerably  in  polarity  shows  that  the  characteristic  maxima  are  retained  (Fig.  2),  and  indicates 
that  the  substance  cannot  be  enolized. 

Polarographic  investigation  gives  additional  proof  of  the  community  of  structure  of  ketoaldehyde  (XI)  and 
the  compound  under  investigation  with  respect  to  the  mutual  disposition  of  the  carbonyl  groups.  The  main  char¬ 
acteristics  of  the  polarograms  obtained  are  given  in  the  table  and  in  Fig.  3. 


Fig.  1.  Ultraviolet  absorption  spectra  of  semi¬ 
carbazones  (in  96*70  alcohol):  l)  acetylenic 
aldehyde  (in);  2)  hydration  product  of  alde¬ 
hyde  (m)  being  investigated;  3)  aldehyde  (XII). 


*  Relative  to  a  saturated  calomel  electrode. 


The  polarograms  were  taken  at  25*  (in  a  nitrogen 
atmosphere)  with  a  recording  polarograph  of  the  S.  B. 
Tsfasman  type  [16].  To  eliminate  oscillations  of  cur¬ 
rent  ,  the  capillary  of  the  dropping  electrode  had  a  small 
vane  for  forced  detachment  of  the  drops  [17],  Its  open- 
circuit  characteristics  were  m  =  3.93  mg/ sec,  t  =  0.18 
sec,  and  m**^*t^^*  =  1.87  mg*^*/sec"^*.  The  anode  was 
an  external  saturated  calomel  electrode.  The  work  was 
done  in  two  solutions  prepared  by  diluting  buffer  solu¬ 
tions  of  pH  6  (citrate-phosphate)  and  pH  10  (borate) 
with  methanol  until  the  concentration  of  the  latter  was 
60  vol.‘7>. 

The  two  semicarbazones  (XU)  and  (XIV)  of  the  di¬ 
carbonyl  compound  (XI)  give  clear,  single-step  reduc¬ 
tion  waves,  the  wave  for  semicarbazone  (XII)  (Fig.  3,4) 
having  a  small  forewave.  The  half-wave  potential 
of  (XIV)  (Fig.  3,5),  is  somewhat  more  positive  than  the 
of  (XII),  whereas  the  forewave  potential  of  (XU)  cor¬ 
responds  to  Ej  for  the  wave  of  (XIV).  It  may  be  as¬ 
sumed  that  the  forewave  in  the  polarogram  of  (XU)  is 
due  to  the  reduction  of  a  small  amount  of  an  admixture 
of  ketone-derived  semicarbazone  (XIV)  in  the  semicarb¬ 
azone  (XII)  obtained  by  the  reaction  of  semicarbazide 
with  the  free  dicarbonyl  compound.  Calculation  of  the 
number  of  added  electrons  by  means  of  the  Ilkovlc  equa¬ 
tion,  on  the  basis  of  the  hypothesis  that  the  diffusion 
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Fig,  2.  UV- absorption  spectra  in  solvents  of  different 
polarities.  Semicarbazone  of  the  hydration  product 
of  (III),  under  investigation:  l)  in  anhydrous  alcohol; 
2)  in  2-50%  alcohol:  3)  in  anhydrous  alcohol  contain¬ 
ing  8  moles  of  sodium  ethoxide  pet  mole  of  the  sub¬ 
stance.  Semicarbazone  (XU):  la,  2a,  3a)  in  the 
same  solvents  (respectively). 


Fig.  3.  Polarograms  of  semicarbazones  in  a  60% 
methanol  solution  of  a  buffer  having  a  pH  of  6.0 
(potentials  are  given  relative  to  saturated  calomel 
electrode):  1)  residual  current;  2)  hydration  product 
of  (in),  being  investigated,  m,p,  152-153*,  cone, 
0.39  mole/ liter;  3)  (Ul),  cone.  0.97  mmole/ liter; 
4)  (XU),  cone.  0.22  mmole/ liter;  5)  (XIV),  cone. 
0.25  mmole/ liter. 


coefficients  of  the  molecules  of  semicarbazones  (XU)  and  (XIV)  in  the  solution  under  investigation  are  of  the 
order  of  4  •  10"®  cm*/ sec,  leads  to  the  conclusion  that  the  reduction  takes  two  electrons.  From  the  character  of 
the  waves  for  (XU)  and  (XIV),  it  may  be  assumed  that  these  substances  are  reduced  at  the  dropping  electrode  to 
the  corresponding  diols,  as  in  the  case  of  the  reduction  of  unsaturated  diketones  [12]. 

The  semicarbazone  of  the  dicarbonyl  compound  being  studied,  CioHi4Pt  (m.p.  152-153*),  gives  two  reduc¬ 
tion  waves,  the  total  height  of  which,  with  allowance  for  the  diminished  diffusion  coefficient  in  comparison  with 
(XU)  and  (XIV),  corresponds  to  two-electron  reduction.  The  first  wave  is  greatly  elongated  (Fig.  3,2);  two  steps 
with  about  —0.9  and  —1.1  v  may  be  distinguished  in  it. 

Comparison  of  the  polarograms  shows  that  the  two  steps  of  the  first  reduction  wave  of  the  semicarbazone  of 
the  compound  being  investigated  are  similar  to  the  waves  of  semicarbazones  (XU)  and*(XIV).  This  indicates  that 
the  ease  of  addition  of  the  first  electron  to  a  system  of  aldehyde  and  ketone  groups  connected  by  an  ethylenic 
bond  is  generally  the  same  for  these  compounds.  The  presence  of  two  steps  in  the  first  wave  for  the  compound  be¬ 
ing  investigated,  with  values  of  coinciding  with  those  of  the  first  waves  for  (XII)  and  (XIV),  respectively,  is 
explained  by  the  presence  of  isomers  with  respect  to  the  position  of  attachment  of  the  semicarbazide  radical. 

On  reduction  of  the  semicarbazone  of  the  substance  being  investigated,  only  one  electron  is  added  within 
the  limits  of  the  first  wave.  The  second  reduction  wave  calls  to  mind  the  mechanism  of  the  analogous  conversion 
of  monoaldehydes  and  ketones  [13,14].  This  is  confirmed  by  the  similarity  of  the  polarograms  of  the  compound 
being  investigated  and  the  original  unhydrated  one  (III)  (Fig.  3,^).  The  second  reduction  wave  of  the  semicarba¬ 
zone  of  compound  (UI)  is  identical  with  that  of  the  semicarbazone  of  the  substance  being  investigated,  which  in¬ 
dicates  the  similarity  of  the  primary  reduction  products  of  these  compounds.  For  all  substances  studied,  the  char¬ 
acter  of  reduction  does  not  change  as  the  solution  pH  varies  from  6  to  10;  the  half-wave  potentials  E|  ,  and  the 
ratios  between  the  waves  remain  practically  unchanged,  although  the  wave  heights  are  slightly  decreased. 
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Fig,  4,  IR-absorptlon  spectra  In  the  1500-1800  cm"* 
region:  l)  semlcarbazone  of  aldehyde  (m);  2) 
semlcarbazone  of  the  hydration  product  of  aldehyde 
(III):  3)  semlcarbazone  (XII);  4)  semlcarbazone  (XIV). 


Fig,  5,  IR-absorptlon  spectra  In  the  2750-3350  cm"* 
region:  l)  semlcarbazone  of  aldehyde  (m):  2) 
semlcarbazone  of  8-methylcrotonaldehyde;  3)seml- 
carbazone  of  the  hydration  product  of  aldehyde  (m). 

Comparison  of  the  IR  spectra  of  the  semlcarb- 
azones  of  the  ketoaldehyde  CJ0H14O1  and  compounds 
of  known  structure  confirms  that  the  mutual  disposi¬ 
tion  of  carbonyl  groups  In  the  substance  being  studied 
Is  correctly  expressed  by  Formula  (IV)  or  (V),  and 
also  provides  grounds  for  supposing  that  Formula  (V) 
more  accurately  represents  the  position  of  the  sec¬ 
ond  double  bond  In  the  molecule. 


In  the  1500-1800  cm"*  region  (Fig.  4),  the  compound  under  Investigation  has  three  Intense  absorption  bands 
near  1710,  1665,  and  1600  cm~*.  In  contrast  to  the  semlcarbazone  of  the  original  acetylenic  compound  (in),  the 
spectrum  of  the  substance  being  studied  contains  the  band  of  the  free  carbonyl  group  at  1665  cm"*,  displaced  to¬ 
ward  the  longwave  region,  owing  to  conjugation  with  multiple  bonds.  The  spectra  of  semlcarbazones  (xn)  and 
(XIV)  contain  similar  bands  (1665-1660  cm"*).  The  band  In  the  1700  cm"*  region  Is  characteristic  of  all  com¬ 
pounds  compared,  and  may  belong  to  the  carbonyl  group  of  the  semlcarbazlde  radical,  whereas  the  band  In  the 
1600  cm"*  region  may  characterize  vibrations  of  the  conjugated  double  bonds.  There  Is  no  band  In  the  spectrum, 
which  could  characterize  an  Isolated  double  bond  at  the  end  of  the  chain,  while  the  spectrum  of  pseudoionone, 
which  contains  the  isolated  double  bond  — C=C(CHs)2,  has  a  well-defined  band  at  1635  cm"*  [15],  These  data 
are  in  accord  with  the  structure  of  the  substance,  shown  In  Formula (V).  Further  evidence  in  favor  of  Formula  (V) 
consists  In  the  fact  that  in  the  region  of  C*“H  bond  vibrations  (Fig,  5),  in  the  spectrum  of  the  semlcarbazone  of 
the  compound  being  studied,  the  3012  cm"*  band,  which  usually  characterizes  the  -CH  =  C  <  group  [18],  is  absent. 
On  the  contrary,  the  3012  cm"*  band  is  well  marked  in  the  spectra  of  compounds  having  this  group  —  3,7-dimethyl- 
octadien-2,6-yn-4-al  (in)  and  8-methylcrotonaldehyde  (Fig,  5). 
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EXPERIMENTAL 

1.  1 ,6-Dlhydroxy-3 .7-Dlmethylocten-2- Yne-4  (VIII,  R  =  H) 

The  ethylmagnesium  bromide  solution  prepared  from  17.5  g  of  magnesium  and  79.5  g  of  ethyl  bromide  in 
130  ml  of  ether  was  cooled  to  10*,  34.94  g  of  l-hydroxy-3-methylpentenyne  (VO)  in  40  ml  of  dry  ether  was  added 
with  stirring,  and  the  mixture  was  refluxed  for  30  min.  The  magnesium  complex  formed  was  cooled  to  10-15*, 

24,2  g  of  isobutyraldehyde  (freshly  distilled,  b.p.  63-64*)  in  30  ml  of  ether  was  added  dropwise,  and  the  mixture 
was  stirred  for  2  hr  at  room  temperature  and  left  overnight.  The  reaction  mass  was  poured  into  a  mixture  of 
200  g  of  ice  and  50  ml  of  10%  sulfuric  acid.  The  organic  layer  was  drawn  off  and  the  water  layer  further  extracted 
with  ether.  The  combined  ether  extracts  were  washed  with  saturated  sodium  bicarbonate  solution  and  dried  with 
magnesium  sulfate.  The  solvent  was  eva{>orated  and  the  residue  distilled.  Yield  of  l,6-dlhydroxy-3,7-dimethyl- 
octen-2-yne-4,  35,1  g  (62%), 

B.p.  112-114*  (0.3  mm),  d*®^  0.9887,  n*®D  1.4987,  MRq  48.93;  calc.  48.96. 

Found  %;  C  71.11;  H  9.60.  Hact  CioKjeO,. 

Calculated  %:  C  71.44;  H  9.53.  Hgct 

2.  l-Acetoxy-6-Hvdroxy-3,7-Dimethy  loc  ten- 2  -  Yne  -  4  (VIII,  R  =  COCHa) 

19  g  of  (Vni,  R  =  H)  was  dissolved  in  57  ml  of  anhydrous  benzene  and  19  ml  of  pyridine,  the  solution  cooled 
to  —3*,  and  8j87  g  of  acetyl  chloride  in  16  ml  of  benzene  added  dropwise.  The  mixture  was  stirred  for  1  hr  at  0* 
and  left  overnight.  The  reaction  mass  was  poured  into  a  mixture  of  140  ml  of  ice  water  and  15  ml  of  10%  sulfuric 
acid,  and  the  benzene  layer  was  drawn  off,  washed  with  saturated  sodium  bicarbonate  solution,  and  dried  with 
potash.  The  benzene  was  evaporated  and  the  residue  distilled.  Yield  20.51  g  (86.5%). 

B.p.  110-112*  (1  mm),  d*®^  1.0016,  n*®D  1.4801,  MRj)  58.72;  calc.  58.32. 

Found  %:  C  68.26;  H  8.49.  Hgct  0.47.  CoHigO,. 

Calculated  %;  C  68.58;  H  8,57.  0.48, 

3.  3 , 7  -  Pi  methy  loct  adie  n- 2 ,6- Yn  -  4- A  1  (III). 

To  a  mixture,  heated  to  boiling,  of  10.52  ml  of  phosphorus  oxychloride,  48  ml  of  anhydrous  benzene,  and 
48  ml  of  pyridine, was  added  20  g  of  l-acetoxy-6-hydroxy-3,7-dlmethylocten-2-yne-4  (VIII,  R  =  COCHs)  in 
48  ml  of  benzene  with  stirring,  and  heating  was  continued  for  3  hr.  The  reaction  mass  was  cooled  and  poured 
into  a  mixture  of  100  ml  of  water,  100  g  of  ice,  and  20  ml  of  10%  sulfuric  acid,  the  benzene  layer  drawn  off, 
and  the  water  layer  further  extracted  with  ether.  The  combined  extracts  were  washed  with  5%  sulfuric  acid  and 
bicarbonate  solutions  and  dried  with  magnesium  sulfate.  The  solvent  was  evaporated,  and  the  residue  was  distilled 
under  reduced  pressure.  Yield  of  l-acetoxy-3,7-dlmethyloctadien-2,6-yne-4  (IX,  R  =  COCH3),  10,91  g  (59.9%), 

B.p.  90-103*  (1  mm),  n*®D  1.4975;  270,  230  mp  ,Ejc“m  519.  387. 

Simultaneously,  a  second  substance  (2.95  g)  with  b.p,  103-112*  (1  mm),  n*®D  1.4850,  was  obtained,  which 
was  not  further  investigated. 

Alkaline  hydrolysis  of  l-acetoxy-3.7-dimethyloctadiene-2,6-yne-4  (IX,  R  =  COCHa).  A  7.3  g  quantity  of 
(IX,  R  =  COCHa)  was  dissolved  in  36.5  ml  of  1  N  methanolic  potassium  hydroxide,  and  the  mixture  was  refluxed 
for  1  lir  and  poured  into  150  ml  of  water;  extraction  with  ether  followed,  and  the  l-hydroxy-3,7-dimethyloctadien- 
-2,6-yne-4  (IX,  R  =  H)  obtained  was  distilled.  Yield  4.11  g  (72%), 

B.p.  94-108*  (1  mm),  n*®D  1.5211. 

Microhydrogenation .  41,6  mg  of  the  substance  absorbed  30.0  ml  of  Hj  (22*,  741.7  mm).  Calculated,  29.33 
ml  of  Hj. 

Oxidation  of  l-hydroxy-3,7-dimethyloctadien-2,6-yne-4  (IX,  R  =  H).  A  3,2  g  quantity  of  (IX,  R  =  H)  was 
dissolved  in  150  ml  of  petroleum  ether  (b.p.  80-90*)  which  was  then  added  to  32  g  of  activated  manganese  di¬ 
oxide;  the  mixture  was  shaken  for  3  hr  and  filtered,  the  manganese  dioxide  washed  with  petroleum  ether,  and  the 
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solvent  evaporated.  The  3,7-dimethyloctadien-2,6-yn-4-al  obtained  was  distilled.  Yield  2.34  g  (74.1%).  B.p, 
70-74*  (1  mm).  n'^D  1.5362. 

Semicarbazone.  Four-tenths  g  of  semicarbazide  hydrochloride  in  1,2  ml  of  water  was  mixed  with  a  solu¬ 
tion  of  0,4  g  of  potassium  acetate  in  0,8  ml  of  alcohol  and  added  to  a  solution  of  0,62  g  of  the  aldehyde  in  1,2  ml 
of  alcohol.  After  standing  for  14  hr  in  the  cold,  the  mixture  was  filtered.  The  3,7-dimethyloctadien-2,6-yn-4- 
-al  (III)  semicarbazone  was  recrystallized  firom  alcohol. 

M.p,  182-183*,  Xmax  ^15,  240  mfi ,  1350,  500  (respectively). 

Found  %;  C  64.53;  H  7.21;  N  20.45.  CuHisONj. 

Calculated  %:  C  64.39;  H  7.32;  N  20.48. 

4,  _3 . 7-Dimethylocta dlen- 2,5-on-4-al  (V) 

A  0,76  g  quantity  of  3,7-dimethyloctadien-2,6-yn-4-al  (in)  was  dissolved  in  2,5  ml  of  80%  methanol  and 
0,0274  g  of  mercuric  sulfate  added.  The  mixture  was  heated  for  1  hr  and  45  min  at  65-67*  with  vigorous  stirring. 
The  reaction  mass  became  quite  dark.  It  was  cooled,  poured  into  50  ml  of  cold  water,  neutralized  with  dry 
sodium  bicarbonate,  extracted  with  ether,  and  the  extract  dried  with  magnesium  sulfate.  The  solvent  was  evapor¬ 
ated  and  the  residue  distilled.  The  fraction  boiling  in  the  range  69-75*  (1  mm)  was  collected.  Yield  0,53  g 
(62,1%),  A  light-yellow,  mobile  liquid,  n*®D  1.5157;  does  not  give  a  colcNtation  with  alcoholic  ferric  chloride 
solution. 

Semicarbazone.  A  solution  of  0.45  g  of  semicarbazide  hydrochloride  in  1  ml  of  water  was  mixed  with  one 
of  0.36  g  of  potassium  acetate  in  0.72  ml  of  ethanol,  and  added  to  one  of  0.53  g  of  the  substance  in  1  ml  of 
ethanol.  Crystallization  began  on  standing.  Yield  0.61  g  (85.5%). 

M.p.  152-153*  (from  alcohol),  Xjjj^jj  308,  235 mp  ,  Ej*cm  1580  ,  495  (respectively). 

Found  7o:  C  59.09;  H  7.63;  N  18.70.  CuHitO^Ns. 

Calculated  %  C  59.20;  H  7.66;  N  18.87. 

5,  1- Acetoxv-3- methylpen ten-2-yne-4  (VII a ) 

20  g  of  l-hydroxy-3-methylpenten-2-yne-4  (VII)  was  dissolved  in  60  ml  of  anhydrous  benzene  and  20  ml 
of  pyridine,  the  solution  cooled  to  —2*,  and  17,2  g  of  acetyl  chloride  in  30  ml  of  benzene  added  dropwise.  The 
mixture  was  stirred  for  1  hr  at  0*  and  left  overnight.  The  reaction  mass  was  poured  into  a  mixture  of  140  ml  of 
ice  water  and  15  ml  of  10%  sulfuric  acid,  and  the  benzene  layer  was  drawn  off,  washed  with  saturated  sodium  bi¬ 
carbonate  solution,  and  dried  with  magnesium  sulfate.  The  benzene  was  evaporated  and  the  residue  distilled. 
Yield  23.75  g  (82.4%),  Colorless,  mobile  liquid  with  a  characteristic  ethereal  odor. 

B.p.  93-94*  (20  mm),  d*®4  0,9828,  n*®D  1.4623,  MRd  38.61;  calc.  38.33. 

Found  %;  C  69.69;  H  7.10.  C8H10O2. 

Calculated  %:  C  69,95;  H  7.25, 

6,  l-Acetoxv-3-methvlpenten“2-one-4  (X) 

To  a  suspension  of  0.443  g  of  mercuric  sulfate  in  66  ml  of  90%  acetic  acid  (d  1.0661),  heated  to  85-87*, 
a  solution  of  12.78  g  of  l-acetoxy-3-methylpenten-2-yne-4  in  13  ml  of  90%  acetic  acid  was  added  dropwise  dur¬ 
ing  20  min.  The  mixture  was  heated  at  85-87*  for  5  hours  with  vigorous  stirring.  The  acetic  acid  was  distilled 
off  under  reduced  pressure  (10  mm)  at  a  bath  temperature  not  over  35-40*.  The  residue  was  poured  into  100  ml 
of  water  and  neutralized  with  solid  sodium  bicarbonate.  Extraction  with  ether  followed,  and  the  extract  was  dried 
with  magnesium  sulfate.  The  solvent  was  evaporated  at  reduced  pressure.  The  residue  was  distilled.  Yield  6.91  g 
(52.3%). 

B.p.  75-76*  (4  mm),  d*®4  1.060,  n*®D  1.4656,  MRq  40.80;  calc.  40.34. 

Found  %;  C  61.35;  H  7.67.  CgHaOs. 

Calculated  %;  C  61,55;  H  7.69. 
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Semlcarbazone;  m,p.  167-168*  (from  ethanol);  X^ax  261  mM ,  Ejc^m  1230, 

Found  %  N  19.59.  CjHjjOjN,. 

Calculated  %r.  N  19.72. 

7.  1  -  Hydroxy  -  3  -  me  thy  Ipenten  -  2- one- 4  (Xa) 

To  2  g  of  (X)  in  4  ml  of  methanol  was  added  8  ml  of  methanol  saturated  with  ammonia  (at  0*).  The  re¬ 
action  mass  was  left  overnight  at  —2*.  The  alcohol  was  evaporated  under  reduced  pressure  at  a  bath  temperature 
not  over  30*  and  the  residue  distilled.  Yield  0.97  g  (66.5*lt)).  B,p.  103-107*  (2  mm)ln*®D  1.4837. 

Semlcarbazone  (xni);  m.p,  172-173*  (from  ethanol);  X^pax  261  mp  ,  E}*cm  1316« 

Found  %  C  49.15;  H  7.58;  N  24.59.  CtHmO^Ns. 

Calculated  %  C  49.12;  H  7.66;  N  24.56.  • 

8.  3- Methylpenten- 2-on- 4- al  (Xl) 

A  0.93  g  quantity  of  (X)  was  dissolved  in  76  ml  of  dry  acetone,  9.3  g  of  manganese  dioxide  added,  and  the 
mixture  shaken  for  4  hr.  The  manganese  dioxide  was  filtered  out  and  washed  several  times  with  acetone  in  the 
filter.  The  solvent  was  evaporated  at  reduced  pressure,  and  the  residue  distilled.  Yield  4,42  g  (48.2*^).  B,p. 
80-83*  (2  mm),  n*®D  1.4813. 

Semlcarbazone  (XII);  m^).  197-198*,  X^ax  307  mfi ,  Ej^cm  1616. 

Found  C  49.84;  H  6.71;  N  24.91.  CtHuO^Nj. 

Calculated  C  49.71;  H  6.509;  N  24.85. 

Semlcarbazone  (XIV).  A  1.22  g  quantity  of  semlcarbazone  (Xm)  (m.p.  172-173*)  was  dissolved  in  475  ml 
of  dry  acetone,  added  to  12  g  of  activated  manganese  dioxide,  and  shaken  for  3  hr.  The  mixture  was  filtered, 
the  manganese  dioxide  washed  with  warm  acetone,  the  solvent  evaporate^  and  the  solid  residue  recrystallized 
from  ethanol.  Yield  0.85  g  (70.6%).  M.p.  167-167.5*,  X^iax  306  mp  ,  Ejcm  1365, 

Found  %;  C  49.86;  H  6.69;  N  24.75.  CyHuOiNs. 

Calculated  %.  C  49.71;  H  6.51;  N  24.85. 


SUMMARY 

It  has  been  shown  that  on  hydration  of  the  triple  bond  in  the  3,7-dlmethyloctadlen-2,6-yn-4-al  molecule, 
which  contains  a  dienyne  system  conjugated  with  a  carbonyl  group,  3,7-dlmethyloctadien-2,5-on-4-al  is  formed; 
the  latter  is  distinguished  by  the  conjugation  of  all  the  multiple  bonds  contained  in  it, 
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SYNTHESIS  OF  SUBSTITUTED  7-AMINOMETHYL-6-(fl-AMINOETHYL)- 
-1- AZABICYCLO-(3  ,2 , 1 )- OC  T  A  NE  S 

V.  Ya.  Furshtatova,  E.  E.  Mlkhllna  and  M.  V.  Rubtsov 
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In  one  of  the  preceding  articles  [1],  we  described  the  synthesis  of  6-carboxymethyl-l-azabicyclo-(3,2,l)- 
-octane-7-carboxylic  acid  and  some  of  its  derivatives.  The  presence  of  two  carboxyl  groups  in  the  stated  acid 
made  it  possible  to  synthesize  a  series  of  substituted  7-aminomethyl-6-(fl-aminoethyl)-l-azablcyclo-(3,2,l)- 
-octanes  and  to  study  their  biological  properties.  Our  interest  in  such  compounds  was  due  to  the  fact  that  certain 
2,3-disubstltuted  derivatives  of  an  isomeric  blcyclic  system  —  quinuclidine  —  exhibited  high  pharmacological 
activity  [2,3]. 

In  order  to  prepare  6,7-diamlno-substltuted  l-azabicyclo-(3,2,l)-octanes,  6-carboxymethyl-l-azabicyclo- 
-(3,2,l)-octane-7-carboxylic  acid  hydrochloride  (I)  was  converted  by  means  of  thionyl  chloride  to  the  correspond¬ 
ing  acid  chloride  (n).  On  treatment  of  the  latter  with  alkyl  (aryl)  amines,  the  corresponding  amides  (III)  were 
obtained.  Reduction  of  the  amides  with  lithium  aluminum  hydride  led  to  substituted  7-amlnomethyl-6-(B- 
-aminoethyl)-l-azabicyclo-(3,2,l)-octanes  (IV): 
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On  studying  the  properties  of  the  synthesized  diamines  (IV)  it  was  found  that  diamines  having  an  unsubstl- 
tuted  hydrogen  atom  on  the  nitrogen  are  converted  on  distillation  in  vacuo  to  a  tricyclic  system  —  6,7-(3*,4’-N- 
-  alky Ipiperidino)- 1- a zablc yclo- (3 ,2 ,1  h octane  (V ). 
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The  formation  of  tricyclic  system  (V)  on  distillation  of  diamines  (IV)  was  confirmed  by  the  countersynthesis 
of  6,7-(3*,4*-N-benzylpiperidino>-l-azablcyclo-(3,2,l)-octane  (Va)  according  to  the  scheme; 
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7-Benzylaminomethyl-6-(0-hydroxyethyl)-l-azabicyclo-(3,2,l)-octane  [4]  was  converted  by  means  of 
thionyl  chloride  to  7-benzylamlnomethyl-6-(fl-chloroethyl)-l-azabicyclo-(3,2,l)-octane,  The  latter,  on  boiling 
in  pyridine,  gave  6,7-(3*,4'-N-benzylpiperldlno)-l-azablcyclo-(3,2,l)-octane  (Va), 


EXPERIMENTAL 

6-Carboxymethyl-l-azabicyclo-(3,2,l)-octane- 7--carboxylic  acid  dl-(dlethylamlde)  (nia).  3  g  of  6-carb- 
oxymethyl-l-azablcyclo-(3,2,l)-octane-7-carboxylic  acid  hydrochloride  (I)  was  heated  with  30  ml  of  thionyl 
chloride  for  6  hr  at  60-65*.  The  excess  of  thionyl  chloride  was  distilled  off  in  vacuo;  the  last  traces  of  it  were 
removed  by  twice  adding  benzene,  and  subsequently  distilling  it  off.  The  frothy  mass,  which  consisted  of  the 
acid  chloride  hydrochloride  (U),  was  treated,  with  cooling,  with  a  solution  of  8.8  g  of  diethylamine  in  20  ml  of 
dry  ether.  The  reaction  mixture  was  left  standing  for  30  min.  Then  20  ml  of  50*!^  potash  solution  was  added  and 
the  separated  oil  extracted  with  ether.  The  ethereal  solution  was  dried  with  potash.  After  driving  off  the  solvent 
in  vacuo,  the  residue  was  distilled.  B.p.  170-190*  (0.5  mm).  There  was  obtained  2.7  g  (69,5%)  of  6-carboxy- 
methyl-l-azabicyclo-(3,2,l)-octane-7-carboxylic  acid  dl-(diethylamide),  which  was  a  yellow  oil,  soluble  in 
organic  solvents  and  water. 

Picrate;  yellow  crystals,  soluble  in  alcohol  and  acetone  and  insoluble  in  water  and  ether.  M.p.  151-152* 
(from  alcohol). 

Found  %.  C  52.37;  H  6.88;  N  15.34.  C,4Hj80^N8. 

Calculated  C  52.17;  H  6.52;  N  15.33. 

6-Carboxymethyl-l-azabicyclo-(3,2,l)-octane-7-carboxylic  acid  di-(dlmethylamlde)  (Mb).  The  acid 
chloride  hydrochloride  obtained  from  3  g  of  6-carboxymethyl-l-azabicyclo-(3,2,l>-octane-7-carboxyllc  acid 
was  treated  with  25  ml  of  a  39%  ethereal  solution  of  dimethylamlne.  After  treatment  similar  to  that  described 
for  the  synthesis  of  ma,  there  was  obtained  2,25  g  (70.5%  of  6-carboxymethyl-l-azablcyclo-(3,2,l)-octane-7- 
-carboxyllc  acid  di-(dlmethylamlde),  A  viscous,  yellow  liquid,  readily  soluble  in  water  and  organic  solvents. 

Found  %  C  62.75;  H  9.54.  Ci4Hx50iNs. 

Calculated  %;  C  62.92;  H  9.36. 

6- Carboxymethyl-l-azabicyclo“(3,2,l)-octane-7-carboxylic  acid  dibenzylamide  (IIIc).  A  mixture  of 

2,5  g  of  ethyl  6-carbethoxymethyl-l-azablcyclo-(3,2,l)-octane-7-carboxylate  [3]  and  25  ml  of  benzylamine  was 
refluxed  for  60  hr.  The  excess  benzylamine  was  driven  off  in  vacuo  and  the  residue  distilled.  B.p.  250*  (0.35  mm). 
There  was  obtained  3,44  g  (95%)  of  6-carboxymethyl-l-azabicyclo-(3,2,l)-octane-7-carboxylic  acid  dibenzyl¬ 
amide  in  the  form  of  a  vitreous  mass  which  hardened  on  trituration  with  ether.  The  substance  was  an  amorphous, 
yellow  powder,  soluble  in  chloroform,  alcohol,  and  water,  and  Insoluble  in  ether,  M.p.  52-60*. 

Found  %;  N  10.50,  10.66. 

Calculated  %:  N  10.73, 

7- Diethylaminomethyl-6-(fl-diethylaminoethyl)-l-azabicyclo-(3,2,l)“OCtane  (IVa).  To  a  suspension  of 
1.42  g  of  lithium  aluminum  hydride  in  40  ml  of  dry  ether,  a  solution  of  3  g  of  the  amide  (Ula)  in  40  ml  of  benzene 
was  added  with  stirring.  The  reaction  mass  was  refluxed  for  20  hr.  Then  2.8  ml  of  water  was  added  with  cooling 
and  stirring,  and  the  lithium  and  aluminum  hydroxides  were  filtered  out  and  well  washed  with  ether.  The  extracts 
were  dried  with  potash.  After  the  solvent  was  driven  off,  the  residue  was  distilled  in  vacuo.  There  was  obtained 
2,53  g  (93%)  of  7-dlethylaminomethyl-6-dlethylaminoethyl-l-azabicyclo-(3,2,l)-octane  in  the  form  of  a  color¬ 
less,  mobile  liquid,  readily  soluble  in  water  and  organic  solvents.  B.p,  124-125*  (0,2  mm),  n*^D  1.485, 
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Found  °}<r.  N  14.08,  14,38,  CigHsjNs. 

Calculated  ’’h.  N  14,24. 

7-pimethylanilnomethyl-6j(fl-dimcthylaminoethyl>l-azabicyclo-(3,2,l)-octane  (IVb).  A  solution  of 
2.25  g  of  ainidc  (mb)  in  30  ml  of  benzene  was  added  to  a  suspension  of  1,5  g  of  lithium  aluminum  hydride  in 
20  ml  of  ether.  After  heating  for  20  hr  the  reaction  mass  was  treated  as  in  the  preceding  experiment.  There 
was  obtained  1,26  g  (62.5*^)  of  the  substance,  which  was  a  colorless,  mobile  liquid,  readily  soluble  in  water  and 
organic  solvents. 

Found  %  N  17.66,  17.37.  C14H29N3. 

Calculated  N  17,58, 

7-Benzylaminomethyl-6-(6-benzylaminoethyl)-l-azabicyclo-(3,2,l)-octane  (IVc).  To  a  solution  of  0,62  g 
of  lithium  aluminum  hydride  in  20  ml  of  dibutyl  ether  was  added  2,2  g  of  amide  (me).  The  mixture  was  refluxed 
for  20  hr  and  further  treated  as  described  above.  After  the  solvent  was  distilled  off,  there  was  obtained  1,9  g  (93*70) 
of  7-benzylaminomethyl-6-(6 -benzylaminoethyl)-l-azablcyclo-(3,2,l)“OCtane,  which  was  a  viscous,  yellow  li¬ 
quid,  soluble  in  organic  solvents  and  water. 

Foundi  h4  360.  ^241133^13. 

Calculated:  M  363. 

Dipicrate:  yellow  crystals,  soluble  in  water,  acetone,  and  alcohol,  and  insoluble  in  ether.  M.p.  97*. 

Found  %  C  48.5;  H  4.29;  N  15.78.  C36H39O14N9. 

Calculated  %  C  48.00;  H  4.00;  N  16.00. 

6j7-(3*,4^-N-Benzylpiperldlno^l-azabicyc^o-^3j2,l)-octane  (Va).  a)  A  1.9  g  quantity  of  7-benzylamino- 
methyl-6-(6-benzylaminoethyl)-l-azabicyclo-(3,2,l)-octane  was  distilled  in  vacuo.  B.p.  210-240*  (0.3  mm). 
There  was  obtained  1,2  g  (90*70)  of  6,7-(3*,4*-N-benzylpiperidlno>-l-azabIcyclo-(3,2,l)-octane,  A  viscous,  yel¬ 
low  oil,  soluble  in  organic  solvents  and  water. 

Found:  M  258. 

Calculated:  M  256. 

Dipicrate:  yellow  crystals,  soluble  in  alcohol  and  acetone,  and  insoluble  in  water  and  ether,  M.p.  118*. 

Found  *70;  C  49.04  ,  48.7;  H  4,5,  4,3;  N  15.33,  15.41.  C29H30O14N8. 

Calculated  %.  C  48.7;  H  4.2;  N  15.66. 

b)  To  the  7-benzylaminomethyl-6-(fl-hydroxyethyl)-l-azabicyclo-(3,2,l)-octane  hydrochloride  obtained 
from  2,2  g  of  the  base,  was  added  20  ml  of  dry  chloroform;  20  ml  of  thlonyl  chloride  was  then  gradually  added 
with  cooling.  The  reaction  mass  was  refluxed  for  2  hours.  The  chloroform  and  excess  thionyl  chloride  were  re¬ 
moved  in  vacuo,  and  the  residue  was  treated  with  50%  potash  solution,  and  the  7-benzylamlnomethyl-6-(6-chloro- 
ethyl)-l-azabicyclo-(3,2,l)-octane  extracted  with  chloroform.  After  the  chloroform  was  distilled  off  in  vacuo, 
the  chloride  obtained  was  dissolved  in  20  ml  of  pyridine  and  the  solution  boiled  for  2  hr.  Then  the  pyridine  was 
distilled  off  and  the  residue  was  treated  with  50%  potash  solution  and  extracted  with  ether.  The  ethereal  solution 
was  dried  with  potash  and  evaporated  in  vacuo,  and  the  substance  was  distilled.  There  was  obtained  1,3  g  of 
6,7-(3’,4*-N-benzyipiperldino>-l-azabicyclo-(3,2,l)-octane.  B,p.  218*  (0,3  mm), 

Dipicrate:  yellow  crystals,  soluble  in  alcohol  and  acetone,  and  insoluble  In  water  and  ether,  M.p.  118*. 

Found  %:  N  16.08.  C29H30O14N8. 

Calculated  N  15.66. 

The  6,7-(3’,4'-N-benzylpiperidino)-l-azablcyclo-(3,2,l)-octane  dipicrate  obtained  proved  to  be  Identical 
(no  melting-point  depression  on  melting  of  mixed  dipicrate  samples)  with  the  dipicrate  of  the  substance  formed 
on  distillation  of  7-benzylamlnomethyl-6-(6-benzylaminoethyl)-l-azabicyclo-(3,2,l)-octane, 
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6,7-(3*,4*-N-Dlethylamlnoethylplperidlno)-l-azablcyclo-(3,2,l)-octane  (V^,  The  acid  chloride  hydro¬ 
chloride  obtained  from  2  g  of  6-carboxymethyl-l-azablcyclo-(3,2,l)-octane-7-carboxylic  acid  was  suspended  in 
25  ml  of  dry  ether  and  the  suspension  added  to  a  solution  of  5  g  of  dlethylamlnoethylamlne  In  25  ml  of  benzene, 
with  good  cooling  and  stirring.  After  treatment  corresponding  to  that  described  for  the  synthesis  of  (Ilia),  there 
was  obtained  2,5  g  (76,5*5^)01  6-carboxymethyl-l-azablcyclo-(3,2,l)-octane-7-carboxyllc  acid  di-(dlethylamlno- 
ethylamide)  In  the  form  of  a  brown  oil,  easily  decomposed  on  distillation.  For  this  reason,  the  amide  obtained 
was  reduced  by  lithium  aluminum  hydride  without  purlflcationt  1  g  of  the  amide  was  treated  with  1  g  of  lithium 
aluminum  hydride  in  a  mixture  of  30  ml  of  benzene  and  30  ml  of  ether,  and  the  reaction  mass  refluxed  for  20  hr. 
The  latter  was  then  decomposed  by  water  and  extracted  with  chloroform.  The  chloroform  solution  was  dried  with 
potash.  After  removal  of  the  chloroform,  there  remained  2  g  (85,5%)  of  7-dlethylamlnoethylaminomethyl-6-0- 
-dlethylaminoethylaminoethyl>-l-azablcyclo-(3,2,l>'OCtane  In  the  form  of  an  Immobile,  brown  oil,  soluble  in 
organic  solvents  and  water.  The  diamine  obtained  was  distilled  in  vacuo}  in  this  case,  there  was  formed  1.2  g 
(86%)  of  6,7-(3*,4*-N-dlethylaminoethylplperldino)“l-azablcyclo-(3,2,l>-octane  In  the  form  of  a  viscous,  yellow 
oil,  soluble  in  organic  solvents  and  water.  B.p.  200-210*  (0.3  mm). 

Found  %:  M  268.  Ci^HsiN,. 

Calculated  %:  M  265. 

Tripicrate;  yellow  crystals,  soluble  in  alcohol  and  acetone,  and  Insoluble  In  ether.  M.p.  120*. 

Found  %:  C  42.22,  42.24j  H  4.38,  4.53|  N  17.68,  17.31. 

Calculated  %:  C  42.62j  H  4.17i  N  17.62. 


SUMMARY 

A  series  of  disubstituted  7-aminomethyl-6-(fl-aminoethyl)-l-azabicyclo-(3,2,l)-octanes  have  been  synthe 
sized  proceeding  from  6-carboxymethyl-l-azabicyclo-(3,2,l>-octane-7-carboxylic  acid. 

Distillation  in  vacuo  of  amines  having  an  unsubstituted  hydrogen  atom  on  each  of  the  nitrogens  Is  accom¬ 
panied  by  splitting-off  of  one  alkylamine  molecule  and  formation  of  the  tricyclic  system  6,7-(3',4*-N-alkylpi- 
peridino)- 1-  azabicyclo-(3 ,2,1  >*octane. 
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Among  the  compounds  of  the  indole  series, substances,  having  the  structure  of  indole  nonlinearly  condensed 
with  other  rings  have  been  studied  relatively  little.  In  particular,  compounds  with  rings  fused  in  positions  1  and  7 
have  scarcely  been  investigated. 


In  1918,  %aun  [1],  by  the  reaction  of  trimethylene  chlorobromlde  with  indollne,  obtained  a  tricyclic  sub¬ 
stance  (1),  which  he  called  lilolldine  by  analogy  with  yulolldine.  This  system  is  listed  under  this  name  in  Patter¬ 
son's  Ring  Index  [2],  albeit  with  a  very  arbitrary  numeration  of  atoms.  According  to  the  rules 
of  systematic  nomenclature  [3],  this  structure  should  be  numbered  as  indicated  in  the  present 
article,  and  named  •8-azatrlcyclo-[ll,  12(4,  8)]-dodecarene-l,*  In  view  of  the  unwieldiness 
of  this  name,  we  shall  use  the  term  suggested  by  Braun,  but  we  shall  employ  the  systematic 
numeration  of  atoms. 


Besides  the  synthesis  mentioned  above,  a  method  of  preparation  of  lilolldine  systems, 
based  on  the  Fischer  reaction,  has  been  proposed  [4].  Namely,  from  1,2,3 , 4-tetrahydroquino- 
line  through  the  nitroso  compound  (n)  there  was  obtained  1-amlnotetrahydroqulnollne  (in), 
which,  on  reaction  with  pyruvic  acid,  gave  a  hydrazone;  the  latter  was  converted  by  heating 
with  zinc  chloride  to  lilolldenecarboxylic  acid.  The  structure  of  the  latter  was  confirmed  by  decarboxylation  and 
reduction  to  lilolldine  (I). 


We  used  this  method  for  the  synthesis  of  a  series  of  9,10-dialkyllilolldenes-9  according  to  the  general  scheme: 

.S  ^  .X  .■  XX. 

\  I  ■ 
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\/ 
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We  nitrosated  tetrahydroquinoline  in  dilute  sulfuric  acid  because  of  the  possibility  of  migration  of  the  ni¬ 
troso  group  to  position  6  when  this  reaction  is  carried  out  in  hydrochloric  acid ,  or  when  hydrochloric  acid  is  added 
to  nltrosotetrahydroquinoUne  [5].  The  precipitated  nitroso  compound  was  extracted  with  ether,  the  extract  being 
washed  several  times  with  water  since,  according  to  our  observations,  nitroso  compound  (n),  containing  traces  of 
nitric  or  nitrous  acid,  gives  low  yields  of  1-aminotetrahydroqulnoline. 

The  method,  described  in  the  literature  [4,6]  of  reduction  of  nltrosotetrahydroquinoUne  by  heating  in  a  water 
bath  with  alcohol,  zinc,  and  acetic  acid,  gives  low  yields  of  amine  (lU).  The  fact  is  that,  under  these  relatively 
severe  conditions,  the  nitroso  group  is  partially  eUminated,  and  the  main  reaction  product  proves  to  be  tetrahydro¬ 
quinoline.  In  connection  with  this,  after  a  number  of  experiments,  we  carried  out  the  reduction  at  a  temperature 
of  10-15*,  using  methyl  alcohol  instead  of  ethyl.  In  this  case,  the  yields  of  amine  (III)  rose  to  75-80*^,  reckoned 
on  the  original  tetrahydroquinoline.  When  the  1-amlnotetrahydroquinoline  obtained  in  this  way  is  heated  in  a 
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water  bath  with  carbonyl-containing  compounds,  there  are  formed  oily 
hydrazines,  which  we  converted  to  lilolldenes  without  first  isolating 
them  in  a  pure  state. 

The  usual  reagent  for  the  Fischer  rearrangement  —  anhydrous  zinc 
chloride  —  proved  unsuitable  since  a  considerable  amount  of  tar  was 
formed  in  its  presence,  and  the  substances  obtained  were  difficult  to 
purify.  If  the  process  is  carried  out  with  dilute  sulfuric  acid,  lilolldenes 
are  formed  rapidly  on  mild  heating,  with  yields  of  60  to  95*^,  no  tar 
formation  being  observed. 

In  order  to  confirm  the  structures  of  the  substances  obtained,  we 
reduced  9,10-dlmethyllilolldene-9  (IV)  with  zinc  in  hydrochloric  acid 
and  thus  obtained  9,10-dimethyllilolidine  (V),  which  was  obtained  al¬ 
so  in  the  reaction  of  2,3-dlmethylindoline  with  trimethylene  chloro- 
bromlde. 


Absorption  spectra  in  the  ultra¬ 
violet  region:  1)  9,10-dlmethyl- 
lllolidene-9  (IV)|  2)  9,10-di¬ 
methyllilolidine  (V)i  3)  1- methyl- 
indole,  Xtxiax  nifi ,  Ig  e  3.75, 

maximum  in  the  231-233  m|i  region. 


(IV) 


(V) 


Besides  mixed  melting-point  tests  (which  showed  no  depreulon), 
we  proved  the  identity  of  these  substances,  obtained  by  different  routes, 
by  comparing  the  absorption  spectra.  All  lilolldenes  have  similar  ab¬ 
sorption  curves  (see  figure),  analogous  to  the  curve  for  1-methylindole. 
In  all  cases,  besides  the  maximum  near  290  m|i ,  there  is  a  second 
For  hydrogenated  compound  (V),  these  maxima  are  shifted  to  the  right. 


It  should  be  noted  that  we  synthesized  lilolldenes,  using  as  the  second  component  such  compounds  as  ethyl 
methyl  ketone,  diethyl  ketone,  butyl  methyl  ketone,  phenylacetone,  cyclohexanone,  and  2-methylcyclohexanone. 
At  the  same  time,  we  were  unable  to  isolate  individual  substances  on  carrying  out  the  reaction  with  acetone, 
which  corresponds  to  literature  data  [4].  In  the  cases  of  cyclohexanone  and  2-methylcyclohexanone,  die  substances 
formed  have  a  tetracyclic  structure  (VI)  and  (Vn).  For  this  we  used  the  name  *pyrido[I  ,m-l,2,3]carbazole,* 
following  Patterson  [2],  but  employed  a  systematic  numeration  of  the  atoms: 


13  I 


(VI)  R  =  H;  (VII)  R  =  CH3 


T‘r  n 

i 

Earlier,  we  published  a  short  article  [7]  on  part  of  the  data  of  this  work. 


EXPERIMENTAL 

1  -  A  mino- 1 ,2 ,3 ,4-  tetrahydroquinoline .  In  160  ml  of  12%  sulfuric  acid  was  dissolved  26,6  g  of  1,2,3,4-tetra- 
hydroquinollne  [8],  the  solution  was  cooled  (from  0  to  —2*),  and  a  saturated  aqueous  solution  of  17  g  of  sodium 
nitrite  was  added,  with  stirring,  at  such  a  rate  that  the  temperature  of  the  mixture  did  not  rise  above  0*  (external 
cooling).  Then  the  cooling  was  stopped,  and  the  reaction  mass  was  left  standing  for  30  min,  the  separated  oil 
extracted  with  ether,  and  the  ethereal  extract  thoroughly  (3-4  times)  washed  with  water.  After  removal  of  the 
ether  (in  vacuo)  the  light- yellow,  oily  nitroso  compound  (II)  remained  in  quantitative  yield. 

To  a  solution  of  32  g  of  this  nitroso  compound  (II)  in  300  ml  of  methyl  alcohol  was  added  80-100  g  of  zinc 
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dust,  the  mixture  was  cooled  to  10*,  and  100  ml  of  acetic  add  was  gradually  added,  with  vigorous  stirring,  at 
such  a  rate  that  the  temperature  of  the  mixture  did  not  rise  above  14-15*.  The  mixture  was  stirred  at  14-16*  for 
2-3  hr  more  and  left  overnight  at  room  temperature.  The  excess  zinc  was  filtered  out  and  thoroughly  washed 
with  dilute  hydrochloric  acid  and  hot  water.  The  wash  waters  were  combined  with  the  filtrate,  which  was  eva¬ 
porated  In  vacuo  until  the  methanol  was  eliminated.  The  remaining  aqueous  solution  was  made  strongly  alkaline 
and  extracted  with  ether.  The  extract  was  dried  with  fused  alkali,  the  ether  driven  off,  and  the  residue  distilled 
In  vacuo,  the  fraction  with  b.p,  120-125*  (5  mm)  being  collected.  The  substance  crystallized  on  standing.  There 
was  obtained  23,7  g  (80%)  of  l-amlno-l,2,3,4-tetrahydroqulnollne  (HI),  m.p,  55*  (from  octane).  According  to 
cited  data  [6],  b.p.  255*,  m.p.  55-56*. 

9.10-Dlmethvllllolldene-9  (IV).  A  mixture  of  3  g  of  amine  (III)  and  a  twofold  excess  of  ethyl  methyl  ket¬ 
one  was  refluxed  for  3-4  hr  in  a  water  bath.  The  unreacted  ketone  was  distilled  off  In  vacuo,  the  residue  heated 
to  70-80*,  and  12  ml  of  hot  10-12%  sulfuric  acid  added.  The  reaction  mixture  was  heated  in  the  water  bath  for 
30-40  min  and  cooled,  and  the  precipitate  of  9,10-dlmethyllIlolidene-9  (IV)  was  filtered  out;  yield  2,9  g  (80%), 
m.p.  87-88*  (from  alcohol),  Arnax  232  ,  290  mfi ,  log  €  4.604,  3.845. 

Found  %:  0  84.03,84.20;  H  8.10,  8.27;  N  7.82,  7.89.  C^HaN. 

Calculated  %:  C  84.28;  H  8.16;  N  7.56. 

Picrate;  m.p.  154-155*  (from  alcohol). 

Found  %:  C  54.79,  54.98;  H  4.52,  4.58;  N  13.15,  13.28. 

Calculated  %.  C  55.06;  H  4.37;  N  13.52. 

9-Ethyl-lO  - methyllllolldene- 9 .  A  mixture  of  3  g  of  amine  (m)  and  a  twofold  excess  of  diethyl  ketone  was 
refluxed  for  3.5-4  hours  In  a  water  bath,  the  excess  ketone  distilled  off  In  vacuo,  and  the  residue  treated  as  In  the 
preceding  experiment.  There  was  obtained  3.2  g  (82%)  of  9-ethyl-10-methyllllolldene-9,  m,p.  39*  (from  alcohol), 
Amax  233  ,  290  mfi ,  log  6  4.519,  3.897. 

Found  %.  C  84.22,  84.24;  H  8.72,  8.78;  N  7.00,  7.03.  C14H17N. 

Calculated  %.  C  84.37;  H  8.59;  N  7.02. 

9-Methyl-10-propyllllolldene-9.  As  In  the  preceding,  3  g  of  amine  (m)  and  an  excess  of  butyl  methyl 
ketone  (in  a  water  bath  for  2  hr),  after  treatment  with  sulfuric  acid,  gave  2,9  g  (70%)  of  9-methyl-lO-propyllllolld- 
ene-9,  m,p.  57-58*  (from  alcohol),  231.  290  mfi,  log  €  4.42,  3.857, 

Found  %;  N  6.71,  6.87.  CjjHjjN. 

Calculated  %:  N  6.56. 

Picrate:  m.p.  83*  (from  alcohol). 

Found  %:  C  56.74,  56.96;  H  5.07,  5J17.  CxiHa07N4. 

Calculated  %:  C  57.00;  H  5,01, 

9-Methyl-10-phenyllllolldene-9.  As  above,  1,5  g  of  amine  (III)  and  phenylacetone,  on  heating  In  a  water 
bath  (4  hr)  and  subsequent  treatment  with  10%  sulfuric  acid  (8  ml),  gave  2,1  g  (84%)  of  9- methyl- 10-phenyllilolld- 
ene-9,  m.p.  128*  (from  alcohol),  Xmax  232,  288  mfi ,  log  e  4,539,  4,24. 

Found  %:  C  87.31,  87.10;  H  6.97,  6.98;  N  5.77,  5.83.  CmH„N. 

Calculated  %.  C  87.41;  H  6.92;  N  5,66. 

l,2,3.4.6,7,8,9-C)ctahydropyrido[l , m-l,2,33carbazole  (VI).  On  heating  0,75  g  of  amine  (III)  with  a  1,5- 
fold  excess  of  cyclohexanone  for  2  hr  In  a  water  bath,  and  working  up  in  the  usual  manner,  there  was  obtained 
1.0  g  (95%)  of  pyridocarbazole  (VI),  m,p,  65*  (from  alcohol),  X^ax  232,  290  mfi,  log  €  4,820,  3,963, 

Found  %.  C  85.00,  85.25;  H  8.14,  8.33.  Ci^HnN. 

Calculated  %:  C  85.26;  H  8.11, 
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4- Methyl-1,2,3, 4, 6,7 ,8 ,9-octahydropyrldo[/  ,m-l,2,3]carbazole  (VII).  Similarly,  1,5  g  of  amine  (III)  and 
the  corresponding  quantity  of  2-methylcyclohexanone  gave  1,3  g  (60'5())  of  methylpyrldocarbazole  (VII),  m,p.  78* 
(from  alcohol),  ^  4.630,  3,913. 

Founder  N  6.31,6.35.  CnHjjN. 

Calculated  N  6.21. 

9,10-Dlmethyllllolldlne  (V).  A  mixture  of  3,7  g  of  9,10-dlmethyllllolldene-9  (IV),  50  ml  of  alcohol,  5  g 
of  zinc  dust,  and  10  ml  of  concentrated  hydrochloric  acid  was  refluxed  for  2  hr  In  a  water  bath,  and  then  another 
10  ml  of  hydrochloric  acid  and  5  g  of  zinc  dust  were  added,  after  which  heating  was  continued.  This  operation 
was  repeated  6  times  (at  2-hr  Intervals).  After  cooling,  the  excess  zinc  was  filtered  out  and  washed  with  a  small 
amount  of  dilute  hydrochloric  acid.  The  filtrate  and  wash  waters  were  evaporated  In  vacuo  In  order  to  remove 
the  alcohol,  and  the  residue  was  alkalized  and  three  times  ^tracted  with  ether.  From  this  extract,  after  drying 
with  fused  alkali,  driving  off  the  ether,  and  vacuum  distillation,  3  g  of  9 ,10-dlmethyllllolldlne  (V)  was  obtained. 

B.p.  89-92*  (1  mm),  n*®D  1.5602,  d*®4  1.0131,  MRd  59.84.  CuHjtNj  calc.  59.98|  X^ax  253  ,  299 mji ,  log  € 
3.74,  3.30. 

Plcrate;  m.p.  152*  (from  alcohol). 

Found  %  N  13.35,  13.36.  C19H10O7N4. 

Calculated  %  N  13.45, 

For  countersynthesis  of  this  substance,  14,6  g  of  2,3-dlmethyllndollne  and  88  g  of  trimethylenechlorobro- 
mlde  were  refluxed  for  20 hr  In  an  oil  bath  (bath  temperature  150-160*),  After  cooling,  the  mixture  was  diluted 
with  50  ml  of  10%  hydrochloric  acid  and  the  excess  trimethylene  chlorobromlde  removed  by  steam  dlstlllatloq. 

The  residue  In  the  distilling  flask  was  alkalized  and  extracted  with  ether.  The  ether  extract  was  dried  with  cal¬ 
cined  magnesium  sulfate,  the  ether  driven  off,  and  the  residue  distilled  In  vacuo.  There  was  obtained  8  g  (40%) 
of  9,10-dlmethyllllolidine  (V). 

B.p.  96-98*  (2  mm),  n*°D  1.5606,  d*®4  1.0130,  MRj)  59.83;  calc.  59.98,  X^ax  254,  299  mp ,  log  c  3.83,3.39. 

Plcrate;  m.p.  151-152*  (from  alcohol).  A  mixed  melting-point  test  with  the  plcrate  obtained  In  the  pre¬ 
ceding  experiment  gave  no  depression. 

The  absorption  spectra  for  all  substances  were  taken  In  methyl  alcohol  by  means  of  an  SF-4  spectrophotom¬ 
eter  with  an  I.  V.  Obrelmov  oscillographic  attachment. 

SUMMARY 

A  number  of  condensed  trl-  and  tetracyclic  compounds  of  the  type  of  lilolldene  and  pyrldocarbazole,  con¬ 
taining  the  Indole  nucleus,  were  obtained,  proceeding  from  1,2,3,4-tetrahydroqulnollne  through  1-amlnotetrahydro- 
quinollne. 

LITERATURE  CITED 

[1]  E.  Bamberger  and  H.  Sternitzkl,  Ber,  26,  1298  (1893)  1  J.  Braun,  K.  Helder  and  W,  Wyczatkowska, 

Ber.  51,  1215  (1918). 

[2]  A.  Patterson  and  L.  Capell,  The  Ring  Index  (New  York,  1940),  p,  228, 

[3]  A.  P,  Terent'ev,  A.  N.  Kost,  A.  M.  Tsukerman  and  V.  M,  Potapov,  Nomenclature  of  Organic  Compounds 
[in  Russian]  (AN  SSSR  Press,  1955), 

[4]  G,  Barger  and  E.  Dyer,  J,  Am,  Chem,  Soc,  60,  2414  (1938), 

[5]  O,  Fischer  and  E.  Hepp,  Ber.  20,  1250  (1887), 

[6]  L.  Hoffmann  and  W.  Koenigs,  Ber,  16,  730  (1883). 

[7]  A.  N.  Kost  and  L,  G.  Yudin,  Chem,  Sci,  and  Ind.  2,  800  (1957), 

[8]  A,  N.  Kost  and  L,  G.  Yudin,  J.  Gen,  Chem,  25,  1947  (I955)f  L.  G.  Yudin,  A,  N,  Kost,  E.  Kh,  Zolotarev 
and  A.  N.  Mlrza,  MSU  Herald,  Chem,  Ser.  No,  2,  169  (1958), 

•  Original  Russian  pagination.  See  C.B.  translation.  ^ 

1923 


SYNTHESIS  OF  CERTAIN  DERIVATIVES  OF  A  L  K  A  D I Y  N  EC  A  RB  OX  Y  LIC 


ACIDS  ON  THE  BASIS  OF  DIACETYLENE 

E.  G.  Popova,  L,  A.  Shevyakov,a  and  M.  Ya.  Kraft 
S.  Ordzhonikidze  All-Union  Scientific  Research  Chemical-Pharmaceutical  Institute 
Original  article  submitted  June  2,  1958 


In  the  present  work,  acids  are  described,  the  carboxyl  groups  of  which  are  located  next  to  conjugated  triple 
bonds.  Compounds  of  such  a  structure  drew  attention  on  account  of  the  fact  that  such  groupings  are  structural  ele¬ 
ments  of  the  molecules  of  certain  polyacetylenic  antibiotics,  e.g.,agrocibin*and  others  [1].  In  order  to  obtain 
dlyne  compounds,  we  used  the  relatively  little-investigated  condensation  of  dlacetylene  with  alkyl  halides  [2-5], 
which,  however,  is  of  interest  in  the  study  of  routes  of  synthesis  of  certain  dlacetylene  compounds. 

1,4-Dichlorobutyne  was  converted  on  treatment  with  sodium  in  liquid  ammonia,  to  dlacetylene,  which,  ow¬ 
ing  to  its  instability  and  explosion  hazard,  was  not  isolated,  but  was  condensed,  in  the  form  of  the  sodium  deriva¬ 
tive.  with  the  corresponding  alkyl  halides.  In  this  way,  the  condensation  of  1,3-chlorobromopropane  with  butyl- 
dlacetylene  and  dlacetylene,  which  is  not  described  in  the  literature,  was  carried  out;  in  the  latter  case,  the 
monosubstituted  derivative  was  formed. 

The  diacetylenic  hydrocarbons  obtained  are  mobile  liquids  with  a  characteristic  odor,  unstable  at  room 
temperature,  darkening  in  the  light,  but  more  stable  in  the  form  of  ethereal  solutions  in  the  cold  and  in  the  dark. 

Butyl-  and  1-chloropropyldlacetylene  were  converted  to  octa-5,7-diyne-8-carboxyllc  and  1-chlorohepta- 
-4,6-dlyne-7-carboxylic  acids,  respectively,  through  carboxylation  with  solid  carbon  dioxide  of  the  magnesium- 
bromide  derivatives  obtained  by  treatment  of  the  above-mentioned  hydrocarbons  with  ethylmagnesium  bromide. 

On  prolonged  standing  of  methanollc  solutions  of  these  acids  in  the  presence  of  sulfuric  acid ,  their  methyl  esters 
were  obtained;  the  latter  were  used,  without  purification,  for  preparation  of  the  amides.  l-Chlorohepta-4,6-diyne- 
-7-carboxylic  acid  was  characterized  by  the  isopropylamide  and  octa-5,7-diyne-8-carboxylic  acid  by  the  cupric 
salt,  amide,  and  isopropylamide.  The  UV  absorption  spectra**of  the  latter  two  were  investigated. 

The  alkadiynecarboxylic  acid  derivatives  obtained  were  examined  biologically.*  •  The  isopropylamide  and 
cupric  salt  of  octa-5,7-diyne- 8 -carboxylic  acid  have  bacteriostatic  activity  with  respect  to  acid-resistant  bacteria; 
the  cupric  salt  is  also  active  with  respect  to  the  diphtheria  bacillus. 

EXPERIMENTAL 

1,4-Dichlorobutyne  was  prepared  from  1 ,4-butynediol  by  the  cited  method  [6],  b.p.  64*  (14  mm). 

Sodium  amide  suspension  was  prepared  according  to  the  cited  description  [7]. 

Butyldiacetylene  was  prepared  by  the  cited  method  [3],  yield  47.6%,  b^).  68  -68.5*  (47  mm),  according  to 
literature  data  [7],  b.p.  49*  (47  mm). 


•  Unidentified  —  Publisher’s  note. 

•  •The  UV  absorption  spectra  were  taken  by  Yu,  N,  Sheinker. 

•  •  •  The  examination  was  conducted  by  S.  N.  Milovanova  and  A.  L.  Mikerina. 
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Found  %.  C  90.48, 90.59;  H  9.41, 9.43;  HC^C  23.74.  C,H|o. 

Calculated  %  C  90.56;  H  9.44;  HC=C  23.58. 

l-Chlorohepta-4.6-dlync.  To  a  suspension  of  sodium  amide  in  liquid  ammonia,  prepared  from  12.93  g  of 
sodium  In  the  presence  of  0.25  g  of  ferric  nitrate,  was  added  23.21  g  of  1 ,4-dlchlorobutyne  during  1  hr,  followed 
by  30  g  of  1,3-chlorobromopropanedurlnglhr.  At  the  end  of  the  addition,  stirring  was  continued  for  4  hr  and  the 
mixture  left  overnight.  The  ammonia  was  evaporated.  The  residue  obtained  was  shaken  several  times  with  ether. 
The  solvent  was  removed,  and  the  residue  distilled  in  vacuo  in  a  current  of  nitrogen.  B.p.  52-53*  (4  mm),  yield 
3.03  g  (12.7%). 

Found  %:  C  66.02,  66.95;  H  5.85,  5.91.  CtH,C1. 

Calculated  %;  C  66.42;  H  5.57. 

l-Chloroundeca-4,6-diyne.  To  a  suspension  of  sodium  amide  in  liquid  ammonia,  prepared  from  5.34  g  of 
sodium  in  the  presence  of  0.1  g  of  ferric  nitrate,  was  added  24.6  g  of  butyldlacetylene  during  30  min;  at  the  end 
of  the  addition,  the  mixture  was  stirred  for  1  hr,  after  which  36.54  g  of  1 ,3-chlorobromopropane  was  added  during 
1  hr  and  the  mixture  then  stirred  for  12  more  hours.  The  ammonia  was  evaporated,  and  the  residue  obtained  was 
shaken  several  times  with  ether.  The  solvent  was  removed,  and  the  residue  distilled  in  vacuo.  B.p.  76*  (0.1  mm), 
yield  12.26  g  (28.7%). 

Found  %:  C  73.00,  72.80;  H  8.28,  7.90.  CyHijCl. 

Calculated  %:  C  72.32;  H  8.27. 

Cupric  salt  of  octa-5,7-diyne-8-carboxylic  acid.  To  an  ice-cooled  ethereal  solution  of  ethyimagnesium 
bromide,  obtained  from  5.65  g  of  ethyl  bromide  and  1.25  g  of  magnesium,  was  added  5.5  g  of  butyldlacetylene 
during  40  min  with  stirring;  the  mixture  was  boiled  for  1  hr,  cooled  to  —50*,  poured  into  an  excess  of  solid  carbon 
dioxide  in  ether,  and  left  overnight.  The  ethereal  solution  was  poured  off,  and  10  ml  of  5  N  hydrochloric  acid 
was  added  to  the  oily  residue.  The  oil  layer  was  drawn  off,  and  a  little  water  was  added  to  it,  followed  by  pow¬ 
dered  sodium  bicarbonate,  until  foaming  ceased.  A  solution  of  8  g  of  CUSO4  •  5HjO  in  24  ml  of  water  was  added 
to  the  water  layer.  The  substance  which  cry.tallized  on  cooling  was  filtered  out  and  washed  with  petroleum  ether 
and  then  benzene. 

A  greenish- blue,  crystalline  substance  which  gradually  decomposes  on  heating,  and  is  readily  soluble  in 
alcohol  and  ether. 

Found  %:  C  57.06,  57.40;  H  5.29,  4.99;  Cu  16.92.  16.49.  CuHmO/:u  •  H,0. 

Calculated  '’Jo-.  C  56.91;  H  5.31;  Cu  16.73. 

C)cta-5,7-diyne-8-carboxylic  acl_^ amide.  To  2.4  g  of  the  cupric  salt  of  octa-5,7-diyne-8-carboxyllc  acid 
was  added  2.5  ml  of  5  N  hydrochloric  acid,  and  the  mixture  was  extracted  several  times  with  petroleum  ether. 

The  solvent  was  removed  in  vacuo,  a  solution  of  2  ml  of  concentrated  sulfuric  acid  in  66  ml  of  anhydrous  methanol 
was  added  to  the  residue,  and  the  resulting  mixture  was  left  for  5  days  at  5*.  To  an  ethereal  solution  of  the  crude 
methyl  ester,  obtained  after  the  usual  treatment,  0.7  ml  of  35%  aqueous  ammonia  solution  was  added,  and  the  ice- 
cooled  mixture  was  stirred  for  50  hours.  Then  the  solvent  was  removed,  and  the  crystalline  residue  obtained  there¬ 
by  was  washed  with  petroleum  ether  and  recrystallized  from  carbon  tetrachloride.  A  colorless,  crystalline  sub¬ 
stance,  m.p.  118*. 

\max  alcohol)  275,  260,  246,  233  mfi,  (log  e  3.60,  3.76,  3.70,  3.68). 

Found  %  N  9.53.  CgHnON. 

Calculated  %:  N  9.39. 

Octa- 5, 7-diyne-8 -carboxylic  acid  Isopropylamide.  To  the  crude  methyl  octa-5,7-diyne-8-carboxylate  ob¬ 
tained  as  described  above  from  2.4  g  of  the  cupric  salt,  was  added  1.03  g  of  Isopropylamine,  and  the  mixture 
was  left  at  -t-5*  for  5  days.  It  was  then  washed  with  dilute  hydrochloric  acid  and  water,  and  extracted  with  ether. 
The  solvent  was  removed,  and  the  oily  residue  obtained  was  dissolved  in  a  mixture  of  petroleum  ether  and  benzene 
(4:1)  and  filtered  through  aluminum  oxide.  The  solvent  was  distilled  off  in  vacuo,  and  the  residue  obtained  was 
recrystallized  from  the  same  mixture,  A  colorless,  crystalline  substance,  m.p,  69*. 
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Xmax  (in  alcohol)  276,  260,  248,  236  mM  ,(log  c  3.77,  3.92,  3.90,  3.87). 

Found  %  N  7.48.  CbHjtON. 

Calculated  ^  N  7.32. 

l-Chlorohepta-4,6-dlync-7-carboxyllc  acid  Isoptopylamlde.  This  was  obtained  from  l-chlorohepta-4,6- 
-dlyne  through  a  series  of  transformations  similarly  to  octa- 5, 7-dlyne-8 -carboxylic  acid  Itopropylamlde,  but 
without  using  the  cupric  salt.  It  was  purified  by  filtering  Its  solution  in  a  mixture  of  benzene  and  petroleum  ether 
(2:1)  through  aluminum  oxide.  The  solvent  was  removed  in  vacuo,  and  the  residue  was  recrystallized  from  the 
same  mixture,  and  then  from  a  mixture  of  alcohol  and  benzene.  A  colorless,  crystalline  substance  with  m.p.  83*. 

Found  ^  C  62.32,  62.1 2(  H  6.63,  6.65|  N  6.91.  CuHmONCI. 

Calculated  %  C  62.41 1  H  6.67t  N  6.62. 

SUMMARY 

1.  The  condensations  of  dlacetylene  and  butyldlacetylene  with  1, 3 -chlorobromopropane  have  been  carried 

out. 

2.  Derivatives  of  octa-5,7-dlyne-8“carboxyllc  and  l-chlorohepta“4,6-dlyne-7-carboxyllc  acids  have  been 
prepared  for  the  purpose  of  biological  testing. 

LITERATURE  CITED 

[1]  A.  S.  Khokhlov  and  M.  M.  Shemyakin,  Chem.  Sci.  and  Ind.  1,  378  (1956). 

[2]  J.  B.  Armltage,  E.  R.  H.  Jones  and  M.  C.  Whiting,  J.  Chem.  Soc.  1951,  44. 

[3]  J.  B.  Armltage,  E.  R.  H.  Jones  and  M.  C.  Whiting,  J.  Chem.  Soc.  1952,  1993. 

[4]  T.  Herbertz,  Ber.  85,  475  (1952). 

[5]  L.  Skattebnl  and  N.  A.  Sbrensen,  Abstr.  J.  Chem.  1954,  49778. 

[6]  A.  W.  Johnson,  J.  Chem.  Soc,  1946,  1009. 

[7]  Synthesis  of  Org.  Prep.  3,  494  (1952). 


1926 


INTERACTION  OF  CYCLOPROPANE  HYDROCARBONS  WITH 
MERCURIC  SALTS 

X.  ACTION  OF  MERCURIC  ACETATE  ON  (0,1 ,3 >- BICYCLOHEXANES 

R.  Ya.  Levina,  V.  N.  Kostin,  Kim  Dyal  Gir  and  T.  K.  Ustynyuk 

Moscow  State  University 

Original  article  submitted  May  25,  1958 


In  our  preceding  works  [1'‘4],  a  reaction  was  described,  which  is  characteristic  of  cyclopropane  hydrocarbons, 
and  takes  place  with  opening  of  the  three- me mbered  ring  —  the  reaction  with  mercuric  acetate  in  aqueous  or  alco¬ 
holic  solutions. 

By  study  of  the  products  of  this  reaction  —  y-mercurated  alcohols  and  their  ethers  —  it  was  established  that 
the  rupture  of  the  three- me  mbered  ring  takes  place  between  the  most-  and  least- substituted  carbon  atoms,  for 
instance: 


“kc-m-ch. 


KX 


*  OR  HgOCOCH, 
where  ok  =  on,  OCH„  OC,H,;  X  =  Cl,  Br,  J.  CN,  CNS. 


CH, 


The  crystalline  organomercury  compounds  formed  may  well  be  used  for  identification  of  cyclopropane  hy¬ 
drocarbons. 


In  the  present  work,  it  was  established  that  the  reaction  with  mercuric  acetate  is  also  characteristic  of 
"bridged*  blcyclic  hydrocarbons  containing  a  three- me  mbered  ring,  including  (0,l,3)-blcyclohexanes. 


On  reaction  of  l,3-dimethyl-(0,l,3)-blcyclohexane  (I)  and  1 ,3,5-trlmethyl-(0,l,3)-bicyclohexane  (II)  with 
mercuric  acetate  in  aqueous  or  methanolic  solutions,  and  subsequent  treatment  with  potassium  salts,  crystalline 
organomercury  compounds  are  formed,  which  consist  of  cyclopentanols  mercurated  in  the  side  chain,  or  their 
methyl  ethers  (m)  and  (IV): 


RO  CH,HgX 

Cr- 

Hg(OCOCH,)t 

ROH 

KX 

(no 

RO  CHjHgX 

1 

RglOCOCH,), 

ROM 

KX 

CHj 

CH, 

where  OH  > 

>  OH  &.  OCH, 

X-Cl,6r,I,CI(,CIIS. 

The  structure  given  for  the  organomercury  compounds  formed  (III)  and  (IV)  was  proved  by  the  conversion  of 
one  of  them  —  2-hydroxy- l-chloromercurlmethyl- 1, 2-dlmethylcyclopentane  —  to  l,l,2-trlmethylcyclopentanol-2 
on  reduction  with  butylmagnesium  bromide  [3]{  the  product  was  identified  through  its  crystalline  hemihydrate, 
and  also  through  the  Raman  spectrum  of  the  unsaturated  hydrocarbon  obtained  from  it  on  dehydration: 
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HO. 

CH3- 


/CHjMgCl 

BrMgO>^  ^CH2MRKr 

1  n\cH3  3c.n.Mg.^ 

\/ 

4  <'41110  f  (<'4Ho)2Hc 


IKK 


2H,0 

4'.H, 


CH3 

\ 


1\ 


CM 


-11,0 


\/ 


4:Hi 


/ 


l-Methyl-3-ethyl-(0,l,3)-bicyclohexane  (V)  also  can  be  identified  by  preparing  the  crystalline  organomer- 
cury  compound  (VI)  through  successive  treatment  of  tills  hydrocarbon  with  aqueous  mercuric  acetate  solution  and 
potassium  bromide. 


CH, 


CHj 


HOH 


HO 

CH3' 


XHallgHr 

Nc.,H5 


IK\ 
<  -2!  J  r/ 


OllgHgHr 

k:i!~ 


(V) 


4^'  with  possible 
(VI)  admixture  of 


\/ 


On  treatment  of  other  homologs  of  (0,l,3)-bicyclohexane  —  l-methyl-3-alkyl“(0,l,3)-bicyclohexanes  (where 
alkyl  is  CsHy.  ISO-C3H7,  or  C4H9)—  with  mercuric  acetate  (in  aqueous  or  methanolic  solution)  there  were  obtained 
mercuriacetates,  which  were  yellow  oils;  crystalline  organomercury  compounds  could  not  be  obtained  by  further 
treatment  of  the  latter  with  potassium  salts. 


EXPERIMENTAL 

Organomercury  Compounds  from  1 ,3-Dlmethyl-(0 ,1 ,3)-Bicyclohexane 

l,3-Dlmethyl-(0,l,3)“bicyclohexane  [5]  (55  g,  b.p.  IKfat  768.5  mm,  n*°D  1.4360,  d**’4  0.8056)  was  shaken 
for  2  days  at  room  temperature  with  mercuric  acetate  (147.7  g  in  550  ml  of  water,  or  in  1200  ml  of  anhydrous 
methanol).  To  remove  the  mercury  salts,  both  solutions  were  treated  with  alkali,  filtered,  and  acidified  with  acetic 
acid.  The  mercuriacetates  formed  —  2-hydroxy-  and  2-methoxy-l-acetoxymercurlmethyl-l,2-dlmethylcyclo- 
pentane—  were  isolated  (yields  92  and  80%,  respectively)  in  the  form  of  oils  after  the  acetic  acid  and  water  or 
methanol  were  distilled  off  in  vacuo. 

To  an  ice-cooled  aqueous  solution  of  the  first  mercuriacetate,  or  to  an  emulsion  of  the  second  in  water,  a 
cooled  aqueous  solution  of  an  equivalent  quantity  of  potassium  chloride,  bromide,  iodide,  cyanide,  or  thiocyanate 
was  gradually  added  with  vigorous  stining.  The  precipitated  crystalline  organomercury  compounds  were  washed 
with  water,  dried  in  a  desiccator  over  calcium  chloride,  and  recrystallized  from  alcohol.  Melting  points  and 
analytical  data  are  given  in  Table  1. 

The  reduction  of  one  of  the  y  -mercurated  alcohols  (III;  OR  =  OH;  X  =  Cl)  for  the  purpose  of  proving  its 
structure  was  carried  out  in  the  following  manner. 

To  a  water-cooled,  ethereal  solution  of  butylmagnesium  bromide  (29.2  g  of  magnesium  and  164  g  of  butyl 
bromide),  a  suspension  of  145  g  of  the  organomercury  compound  (2-hydroxy-l-chloromercurimethyl-l, 2-dimethyl- 
cyclopentane)  in  300  ml  of  absolute  ether  was  gradually  added  with  vigorous  stirring.  The  reaction  mixture  was 
then  heated  for  8  hours.  It  was  decomposed  by  pouring  on  ice  and  subsequent  addition  of  2  N  acetic  acid.  The 
ether  layer  was  drawn  off  and  the  water  layer  extracted  with  ether.  The  ether  extracts  were  washed  with  water, 
alkali,  and  water  again,  and  dried  with  magnesium  sulfate.  After  the  ether  was  driven  off,  the  1,1,2-trimethyl- 
cyclopentanol-2  obtained  was  distilled  in  vacuo  (dibutylmercury  remained  in  the  distilling  flask):  b.p.  82-84* 

(50  mm);  yield  6.6  g;  13%  of  theoretical;  characterized  by  preparing  (by  addition  of  a  drop  of  water),  the  hemi- 
hydrate,  m^i.  58-59*  (from  ether). 

Found  %:  0  69.80,69.82;  H  12.32,  12.26.  [CgHeOt  •  HjO. 

Calculated  %:  C  69.73;  H  12.41. 
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TABLE  1 


RO  CH.HgX 

\ _ / 

7-Mercurated  Alcohols  and  their  Ethers  of  Structure  CH,  |  |  CH,  from 


1 ,3-Dlmethyl-(0 ,1 ,3)- Bicyclohexane 


OR 

X 

Melting 

point 

Found  {%) 

Calculated  {%) 

c 

H 

Hg 

c 

H 

Hf 

OH 

Cl 

117—118° 

.55.35 

56.22 

OH 

Br 

128—129 

23.31, 23.2<» 

3.83,  3.73 

49.33 

23.56 

3.71 

49.23 

OH 

I 

124-125 

21.30,  21.24 

3.45,  3.44 

— 

21.15 

3.30 

— 

OCH3 

Cl 

89-  90 

_ 

_ 

.52.50 

_ 

_ 

53.17 

OCH, 

Br 

100-101 

25.32,  25.31 

4.14,  4.08 

— 

25.63 

4.06 

— 

OCH3 

I 

131—132 

— 

— 

42.75 

— 

— 

42.79 

OCH3 

CN 

87—  88.5 

.54.95 

54.53 

TABLE  2 

Raman  Spectra  of  l,l,2-Trimethylcyclopentene-2 


Obtained  in  present  work 


220  (l.fi;  b  );  275  (2.5;  b  ;  348(4); 
434(1):  566  (2.5);  648  (28); 

698  (8);  792  (1.2);  822(1); 

887(2);  920(4;  db/b 
930  (3;  db/  b); 

1019  (3..5);  1083—1108(2;  dlf)j 
1202  (4.5);  1227  (2.5);  1295  (3), 
1332(2.5);  1388(3); 

1440-1460  (10;  db/  b);16H0  (30) 


According  to  literature  data  [7] 


224  (4);  274  (12);  349  (23); 
431(1);  566  (14);  652  (100); 

699  (40);  793  (5);  823  (4); 
889(9);  921  (31);  1022  (25); 

1 109  (10);  1204  (25);  1226  (13); 
1295 (12);  1332 (10);  1389  (16); 

1452  (70);  1665 (70) 


Note:  Dlf—  diffuse  line) db/b*-*  double  line  on  backgroundi 
b—  broad  line. 


Literature  data  [6]:  b.p.  80-81*  (49  mm){  m.p,  of  hemihydrate:  69-60*. 

On  distillation  of  6.5  g  of  trimethylcyclopentanol  over  crystalline  oxalic  acid,  there  was  obtained  4.3  g 
{81%)  of  l,l,2-trimethylcyclopentene-2,  which,  after  distillation  over  sodium,  had  the  following  constants. 

B.p.  107-108*  (744  mm),  n*®D  1.4310,  d*®4  0.7845. 

Uterature  data  [6]:  b.p.  108.5-109*  (754  mm),  n*®D  1.4324,  d*®4  0.7824. 

Spectroscopic  investigation  confirmed  the  structure  of  the  hydrocarbon  obtained  i  the  Raman  spectrum  con¬ 
tained  the  1660  cm~^  band,  characteristic  of  a  substituted  double  bond  In  a  flve-membered  ring. 

In  Table  2  is  given  the  Raman  spectrum  of  the  l,l,2-trlmethylcyclopentene-2  obtained  (with  visually  de¬ 
termined  intensities,  on  an  arbitrary  scale  in  which  the  intensity  of  the  1440  cm~^  band  is  taken  to  be  10  units), 
with  literature  data  for  comparison. 

Organomercury  Compounds  from  1 ,3  ,5- Trl methy  1  - (0  ,1 ,3  )- Blc yclohe xa ne 

The  opening  of  the  three- me mbe red  ring  of  l,3,5-trimethyl-(0,l,3)-blcyclohexane  [5]  (2  g,  b.p,  125-125,5* 
at  735,5  mm,  n*®D  1,4335,  d*®4  0,7994)  by  mercuric  acetate  (5  g)  was  carried  out  in  aqueous  solution  (20  ml  of 
water)  under  the  conditions  stated  above.  The  isolated  reaction  product  (2-hydroxy-l-acetoxymetcurlmethyl- 
-1,2,4-trlmethylcyclopentane),  a  viscous  oil,  was  converted  by  treatment  with  potassium  salts  in  aqueous  solution 
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TABLE  3 


y-Mercurated  Alcohols  of  Structure 


no  ClljHgX 

\ _ / 

CH,  I  1  CHj  from  1,3,5-Trlmethyl- 

Y 

CM, 


-(0,1 ,3)- Bicyclohexane 


X 

Melting  1 

point 

1  Found  %  1 

1  Calculated  % 

c 

H 

Hr 

c 

11 

Hr 

Cl 

^(1(5—107 

28.68.  28.66 

4.49,  4.40 
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to  other  organomercury  compounds  with  the  same  carbon  skeleton.  Their  melting  points  (af.er  recrystallization 
from  alcohol)  and  analytical  data  are  given  in  Table  3. 


Organomercury  Derivative  of  1  -  Methy  1- 3  -  E  thy  1  -  ( 0 , 1 ,3  )- Bicy  do  hexane 

The  opening  of  the  three- me mbe red  ring  of  1- methyl- 3-ethyl-(0,l ,3 )-blcyclohexane  [5]  (2.5  g,  b.p.  133.5 
to  134*  at  735  mm,  n*®D  1.4406,  d*®4  0.8165)  by  mercuric  acetate  in  aqueous  solution  was  carried  out  under  the 
conditions  stated  above.  The  isolated  reaction  product,  a  viscous  oil,  was  converted  by  treatment  with  potassium 
bromide  to  the  mercuribromide  (VI),  m.p.  53-54*  (from  alcohol). 

Found ‘ife  C  25.91,  25.97;  H  4.07,  3.98.  C^HjTOBrHg. 

Calculated  ’’h:  C  25.63;  H  4.06. 


SUMMARY 

1.  It  has  been  established  that  the  reaction  with  mercuric  acetate,  which  is  characteristic  of  cyclopropane 
hydrocarbons,  and  takes  place  with  rupture  of  the  three- membered  ring  therein,  is  also  characteristic  of  "bridged" 
bicycllc  hydrocarbons  containing  three -membered  rings. 

2.  It  has  been  shown  that  rupture  of  the  three- membered  ring  in  homologs  of  (0,l,3)-blcyclohcxane,  oc¬ 
curring  on  treatment  of  the  latter  with  mercuric  acetate  in  aqueous  or  methanolic  solution,  does  not  take  place 
on  the  carbon— carbon  "bridge";  the  products  of  this  reaction  are  y-mercurate  (in  the  side  chain)  cyclopentanols , 
or  their  methyl  ethers. 

3.  The  preparation  of  crystalline  y-mercurated  alcohols  and  their  ethers  may  serve  for  the  identification 
of  l,3-dlmethyl-l,3,5-trlmethyl-  and  l-methyl-3-ethyl-(0,l,3)-bicyclohexanes. 
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In  one  of  the  preceding  works  [1],  we  showed  that  the  most  accessible  6-dlketone  of  the  furanldlne  series  — 
4-acetyl-2,2,5,5-tetramethylfuranidone-3  —  may  be  obtained  by  thermal  isomerization  of  the  enol  acetate  of 
2,2,5 ,5-tetramethylfuranidone-3.  In  the  present  work,  a  method  of  synthesis  of  d-ketoaldehydes  of  the  same 
series  —  4-formyl-2,2,5,5-tetraalkylfuranldones-3  —  Is  described. 

We  established  that  2,2,5,5-tetraaIkylfuranldones-3  condense  with  ethyl  formate  according  to  the  Cialsen 
reaction.  On  carrying  out  the  reaction  In  absolute  ether,  using  finely-divided  sodium  as  the  condensing  agent, 
4-hydroxymethylene-2,2,5,5-tetraalkylfuranldones-3  are  formed  In  56-66%  yield: 
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4-Hydroxymethylene-2,2,5,5-tetraalkyIfuranldones-3  are  crystalline  substances  which  decompose  In  air 
within  2-3  days)  they  may  be  kept  In  dark  containers  for  3-4  weeks,  the  crude  preparations  being  better  preserved. 
They  give  an  Intense  cherry- red  coloration  with  ferric  chloride  solution,  and  form  green  cupric  salts  on  treatment 
with  cupric  acetate  solution.  The  absorption  spectra  of  the  cupric  salts  of  4-hydroxymethylene-2,2,5,5-tetra- 
alkylfuranldones-3  In  the  ultraviolet  region,  taken  In  methanol  solution,  have  a  X^jiax  304-315  mfi  range, 

which  Is  characteristic  of  the  cupric  salts  of  fi-dlcarbonyl  compounds.  The  percentage  of  enol  form  present  was 
determined  by  the  K.  Meyer  method  [2]—  direct  titration  of  a  solution  of  the  4-hydroxy  methylene- 2, 2,5, 5-tetra- 
alkylfuranldone-3  In  methanol  with  a  solution  of  bromine  In  the  same  solvent  at  -10*.  The  results  obtained  are 
given  In  the  table. 


Name 

Enol 

content , 
(In  %) 

4-  Hydroxy  methylene  -2,2,5 ,5-  tetra  methy  If  uranld  - 

65.7 

one-3 

4-  Hydroxy  methylene-  2 ,5-dimethyl-  2 ,5- 

81.5 

-diethylfuranldone-3 

4-  Hydroxymethylene-  2 ,2,5 ,5- bis  (tetramethyl- 

86.5 

ene)  furanldone-3 

4- Hydroxymethylene-2,2,5 ,5- bis  (penta  methyl¬ 
ene)  furanidone-3 

91.2 

1931 


The  data  given  in  the  table  show  that  0-ketoaldehydes  of  the  2,2,5,5-tetraalkylfuranldine  series,  as  well 
as  fl-ketoaldehydes  of  the  alicyclic  series  [3,4],  consist  of  equilibrium  mixtures  of  the  formyl  and  hydroxymethyl- 
ene  forms,  the  latter  greatly  predominating. 

The  data  given  in  the  table  also  show  that  as  the  hydrocarbon  radicals  in  positions  2  and  5  of  the  furanldine 
ring  become  larger,  the  enolization  of  the  formyl  grojip  in  position  4  Increases.  On  acylation  of  a  4-hydroxy- 
methylene-2,2,5,5-tetraalkylfuranldone-3  under  the  proper  conditions  .derivatives  are  formed  both  through  oxygen 
and  through  carbon.  Thus,  on  treatment  of  pyridine  solutions  of  4-hydroxymethylene-2,2,5,5-tetramethylfuranld- 
one-3  (I),  4-hydroxymethylene-2,2,5,5-bis(tetramethylene)furaiildone-3  (III),  and  4- hydroxy  methylene- 2, 2,5,5- 
-bis(pentamethylene)furanldone-3  (IV)  with  benzoyl  chloride,  the  corresponding  O-benzoates  (V,  VII,  and  IX) 
were  obtained. 

Treatment  of  the  sodium  derivatives  of  these  same  hydroxymethylene  ketones  with  benzoyl  chloride  led  to 
the  formation  of  C-derlvatlves,  l.e.,  compounds  containing  three  carbonyl  groups  on  one  carbon  atom:  4-formyl- 
-4-benzoyl-2,2,5,5-tetramethylfuranldone-3  (VI),  4-formyl-4-benzoyl-2, 2,5,5-bis(tetra methylene) furanidone-3 
(Vin),  and  4-formyl-4-benzoyl-2,2,5,5-bls(pentamethylene)furanidone-3  (X). 
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4-Hydroxymethylene-2,5-dlmethyl-2,5-dlethylfuranldone-3  (II)  behaves  somewhat  differently,  giving  only 
one  compound  on  benzoylation  (regardless  of  conditions).  On  the  basis  of  the  data  of  elementary  analysis,  and 
the  fact  that  this  compound  does  not  react  with  bromine,  we  ascribe  to  it  the  structure  of  4-formyl-4-benzoyl- 
-2,5-dimethyl-2,5-diethylfuranidone-3  (Xl). 


EXPERIMENTAL 

4-Hydroxymethylene-2,2,5,5-tetramethylfuranidone-3  (I).  To  4.6  g  (0.2  mole)  of  finely-divided  sodium 
in  150  ml  of  absolute  ether  in  a  three- neck  flask  provided  with  stirrer,  reflux  condenser,  and  dropping  funnel,  a 
mixture  of  28.5  g  (0.2  mole)  of  2,2,5, 5-tetramethylfuranidone-3  and  18.5  g  (0.25  mole)  of  ethyl  formate  was 
slowly  added  at  such  a  rate  that  the  ether  boiled  uniformly.  The  reaction  mass  was  stirred  for  4  hours  and  left 
overnight.  The  separated  sodium  salt  of  4-hydroxymethylene-2,2,5,5-tetramethylfuranldone-3  was  filtered  out 
by  suction,  washed  with  ether,  dried  in  air,  placed  in  a  separatory  funnel  under  a  layer  of  absolute  ether,  and  de¬ 
composed  with  30'^  acetic  acid.  The  ethereal  extract  was  dried  with  anhydrous  sodium  sulfate.  After  the  ether 
was  driven  off,  18  g  (53%)  was  obtained. 

M.p.  73-74*  (from  petroleum  ether);  b.p.  71-73*  (11  mm), 

’  Found  %:  C  63.42,  63.57;  H  8.41,  8.47. 

Calculated  %  C  63.51;  H  8,29. 

4-Hydroxymethylene-2,2,5,5-tetramethylfuranidone-3  O- benzoate  (V).  To  a  solution  of  1,7  g  (0.01  mole) 
of  4-hydroxymethylene-2,2,5,5-tetramethylfuranidone-3  in  5  ml  of  pyridine  was  added  1,4  g  (0,01  mole)  of  ben¬ 
zoyl  chloride.  The  crystallized  mass  was  thoroughly  washed  with  warm  water.  Two  g  (73%)  was  obtained. 
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M.p.  97-98*  (from  alcohol). 

Found  %:  C  69.99,  69.81;  H  7.12.  7.03.  CijHu04. 

Calculated  C  70.05;  H  6.61. 

4-Formyl-4-benzoyl-2,2,5,5-tetramethylfuranldone-3  (VI).  To  a  solution  of  7.8  g  (0,046  mole)  of  4-hydroxy- 
methylene-2,2,5,5-tetramethylfuranIdone-3  In  40  ml  of  absolute  ether  in  a  flask  provided  with  reflux  condenser, 
stirrer,  and  dropping  funnel,  1.1  g  (0.046  mole)  of  sodium  was  added.  The  mixture  was  stirred,  with  heating,  until 
the  sodium  was  completely  dissolved,  6.5  g  (0.046  mole)  of  benzoyl  chloride  was  then  added,  and  heating  was 
continued  for  3  more  hours.  After  12  hours,  the  precipitate  was  filtered  out  by  suction  and  washed  with  ether. 

After  the  ether  was  distilled  from  the  combined  ethereal  extracts,  11,4  g  was  obtained  (90.5'^b). 

M.p.  82-84*  (from  alcohol). 

Found  %  C  70.03,  70.19;  H  6.72.  6.80.  C18HUO4. 

Calculated  %:  C  70.05;  H  6.61. 

4-Hvdroxvmethylene-2.5-dimethyl-2.5-diethvlfuranidone-3  (II).  To  4.6  g  (0,2  mole)  of  finely-divided 
sodium  in  150  ml  of  absolute  ether  in  the  apparatus  described  above,  a  mixture  of  34,8  g  (0,2  mole)  of  2, 5-dim¬ 
ethyl- 2, 5-diethylfuranidone-3  and  22  g  (0.3  mole)  of  ethyl  formate  was  added  in  such  a  way  that  the  ether  boiled 
uniformly.  After  stirring  for  6  hours,  the  mixture  was  left  overnight  and  then  poured  into  100  ml  of  water.  The 
ether  layer  was  drawn  off  and  discarded;  the  water  layer  was  neutralized  with  30%  acetic  acid  and  extracted  with 
ether.  The  ether  extracts  were  dried  with  sodium  sulfate.  After  the  ether  was  distilled  off,  26  g  (66%)  was  obtained. 

M.p.  57-58*  (from  petroleum  ether). 

Found  %:  C  66.82,  66.67;  H  9.47,  9.29.  CuHigOj. 

Calculated  %:  C  66.64;  H  9.15. 

4-Formyl-4-benzoyl-2,5-dimethyl-2,5-dlethylfuranidone-3  (XI).  This  was  prepared  [as  described  for  the 
preparation  of  (V)]  from  4  g  (0,02  mole)  of  4-hydroxymethylene-2,5-dimethyl-2,5-dlethylfuranldone-3  (II),  2.8  g 
(0.02  mole)  of  benzoyl  chloride,  and  5  ml  of  pyridine.  Yield  5.9  g  (quantitative). 

M.p.  73.5-74.5*  (from  methanol). 

Found  %:  C  71.62,  71.69;  H  7.47,  7.32.  CuHm04. 

Calculated  %•  C  71.50;  H  7.33. 

4-Formyl-4-benzoyl-2,5-dimethyl-2,5-diethylfuranidone-3  was  also  obtained  by  treatment  of  the  sodium 
derivative  of  4-hydroxymethylene-2,5-dlmethyl-2,5-dlethylfuranidone-3  with  benzoyl  chloride  (m.p.  73-74“;  a 
sample,  mixed  with  the  substance  obtained  in  the  preceding  experiment,  showed  no  melting-point  depression). 

4-Hydroxymethylene-2,2,5,5-bis(tetramethylene)furanidone-3  (111)  was  prepared  [as  described  above  for 
the  preparation  of  (I)]  from  38.8  g  (0.2  mole)  of  2,2,5,5-bis(tetramethylene)furanidone-3,  22  g  (0,3  mole)  of 
ethyl  formate,  and  4.6  g  (0.2  mole)  of  sodium.  Yield  26  g  (58.5%), 

M.p,  103-104*  (from  petroleum  ether). 

Found  %  C  70.37,  70.62;  H  8.42,  8.47.  CuHuO,. 

Calculated  %:  C  70.25;  H  8.16. 

4-Hydroxymethylene-2,2.5,5-bis(tetramethylene)furanidone-3  O- benzoate  (vn)  was  prepared  [as  described 
for  the  preparation  of  (V)],  from  3,3  g  (0.015  mole)  of  4-hydroxymethylene-2,2,5,5-bis(tetramethylene)  furanid- 
one-3  (III)  and  2,1  g  (0.015  mole)  of  benzoyl  chloride  in  7  ml  of  pyridine.  Yield  4.5  g  (92%). 

M.p.  110-111*  (from  alcohol). 

Found  %:  C  73.84,  73.98;  H  6.91,  6.93.  C2oH2204. 

Calculated  %:  C  73.60;  H  6,80, 
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4-Formyl- 4-benzoyl- 2 ,2 ,5 ,6- bis  (tetra methylene) furanldone- 3  (VIII).  To  a  suspension  of  2,6  g  (0,01  mole) 
of  the  sodium  salt  of  4-hydroxymethylene-2,2,5,5-bls(tetramethylene)furanldone-3  (in)  In  100  ml  of  absolute 
ether  was  added  1.4  g  (0,01  mole)  of  benzoyl  chloride.  The  reaction  mixture  was  heated  for  6  hr  with  stirring. 
After  12  hr  the  precipitate  was  filtered  out  with  suction  and  washed  with  ether.  After  the  ether  was  distilled  from 
the  combined  ethereal  extracts,  2  g  (60%)  was  obtained. 

M.p.  92-94*  (from  alcohol). 

Found  %:  C  73.80,  73.71|  H  7.00,  6.86.  CjoHm04  . 

Calculated  %:  C  73.60;  H  6.80 

4-Hydroxymethylene-2,2,5,5-bls(pentamethylene)furanldone-3  (IV)  was  prepared  [as  described  for  the 
preparation  of  (n)]  from  44.4  g  (0.2  mole)  of  2,2,5,5-bls(pentamethylene)furanldone-3,  22  g  (0.3  mole)  of  ethyl 
formate,  and  4.6  g  (0.2  mole)  of  sodium.  Yield  28  g  (56%). 

M.p.  96-97*  (from  petroleum  ether). 

Found  %:  C  72.38,  72,33;  H  9.00,  9.18.  C|bHs|0|, 

Calculated  %:  C  71.97;  H  8.86. 

4-Hvdroxvmethvlene-2,2,5,5-bls(pentamethvlene)furanldone-3  Obenzoate  (IX)  was  prepared  [as  described 
for  the  preparation  of  (V)]  from  2.5  g  (0.01  mole)  of  4-hydroxymethylene-2,2,5,6-bls(pentamethylene)furanldone- 
-3  (IV)  and  1.4  g  (0.01  mole)  of  benzoyl  chloride  In  7  ml  of  pyridine.  Yield  3  g  (85.6%). 

M.p.  137-138*  (from  anhydrous  alcohol). 

Found  %;  C  74.59,  74.79;  H  7.35,  7.37.  CaHx604. 

Calculated  %  C  74.55;  H  7.37. 

4-Formyl-4-benzoyl-2,2,5,5-bls(pentamethylene)furanldone-3  (X)  was  prepared  [as  described  for  the  prep¬ 
aration  of  (VI)]  from  5  g  (0.02  mole)  of  4-hydroxymethylene-2,2,5,5-bls(pentamethylene)furanldone-3  (IV), 

0.46  g  (0.02  mole)  of  sodium,  and  2.8  g  (0.02  mole)  of  benzoyl  chloride  In  100  ml  of  absolute  ether.  Yield  5  g 
(70.5%). 

M.p.  101-103*  (from  diluted  alcohol). 

Found  %:  C  74.55,  74.56;  H  7.56,  7.55.  CaH,e04. 

Calculated  %:  C  74.55;  H  7.37. 

SUMMARY 

1.  The  ester  condensation  of  2,2,5,5-tetraalkylfuranidones-3  with  ethyl  formate  In  the  presence  of  sodium 
leads  to  the  formation  of  4-hydroxymethylene-2,2,5,5-tetraalkylfuranldones-3, 

2.  Hydroxymethylene  ketones  of  the  2,2,5,5-tetraalkylfuranldlne  series  are  enoilzed  to  a  greater  degree, 
the  greater  the  number  of  carbon  atoms  in  the  radicals  located  In  the  2,2-  and  5,5-posltlons  of  the  furanidlne 
ring;  under  appropriate  conditions,  they  form  either  C“  or  0*“  benzoyl  derivatives. 
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In  previous  work  [1]  we  showed  that  5- nitroselenophene- 2- aldehyde  was  readily  obtained  by  nitration  of 
selenophene-2-aldehyde  in  acetic  anhydride  with  fuming  nitric  acid,  containing  5- 7%  of  concentrated  sulfuric 
acid. 


In  the  present  work,  5-nltroselenophene-2-aldehyde  was  condensed  with  compounds  containing  active  methyl¬ 
ene  groups,  making  it  possible  to  obtain  a  series  of  5-nitroselenal-2  derivatives.  Thus,  when  5-nitroselenophene- 
-2-aldehyde  was  heated  with  acetic  anhydride  and  anhydrous  sodium  acetate,  we  obtained  0-(5-nitroselenienyl-2)- 
-  acrylic  acid  (42%), 


We  obtained  the  same  acid  by  the  condensation  of  5-nltroselenophene- 2- aldehyde  with  malonic  acid  in  the 
presence  of  pyridine  with  subsequent  decarboxylation  of  the  a-carboxy-0-(5-nitroselenlenyl-2)-acrylic  acid 
formed: 


j"0,N 


^-CH=C(COOH),' 


(CH.CO),0 
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'-0- 


CH-CH-COOH 


The  interaction  of  5-nitroselenophene-2-aldehyde  with  acetaldehyde,  propionaldehyde  and  butyraldehyde 
in  the  presence  of  25%  potassium  hydroxide  in  methanol  led  to  the  formation  of  aldol  condensation  products,  namely, 
6-hydroxy-,  a- methyl-6 -hydroxy-  and  a -ethyl-6 -hydroxy-6 -(5-nltroselenienyl-2)-proplonaldehyde,  respec¬ 
tively.  Without  isolating  the  latter,  we  heated  them  with  acetic  anhydride  and,  as  a  result,  obtained  the  products 
of  crotonic  condensation,  6-(5-nitroselenienyl-2)-acroleln  (68.5%),  a -methyl-6 -(5-nitroselenlenyl- 2)- acrolein 
(77.5%)  and  ot  -ethyl-6 -(5-nitroselenlenyl-2)-acroleln  (82.5%); 
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It  should  be  noted  that  the  condensation  of  5- nltroselenophene- 2- aldehyde  with  acetic  anhydride  required 
more  drastic  conditions  than  the  analogous  condensation  of  5-nitrothiophene-2“aldehyde  [2]:  a  higher  concentra¬ 
tion  of  the  condensing  agent  and  a  longer  time  were  required  for  completion  of  the  reaction.  Under  the  condi¬ 
tions  given  for  5- nltrothiophene- 2- aldehyde,  the  condensation  of  5-nltroselenophene-2-aldehyde  with  acetic  an¬ 
hydride  did  not  occur  at  all.  As  regards  the  condensation  of  5-nitrofurfural  with  aliphatic  aldehydes  [3-6],  it  oc¬ 
curred  in  a  benzene  medium  in  the  presence  of  piperidine  acetate  and  the  products  of  aldol  condensation  readily 
lost  water  simply  on  heating  to  40-50*. 

Condensation  of  5-nitroselenophene-2-aldehyde  with  nitromethane  proceeded  in  the  presence  of  aqueous 
sodium  hydroxide  solution  and  the  a-(5-nitroselenienyl-2)-fl -nitroethyl  alcohol  formed  readily  lost  water  when 
heated  with  acetic  anhydride,  giving  iu-(5-nitroselenlenyi-2)-nltroethylene; 


(CH,C0),0 

-H,o 


From  the  work  of  Z.  N.  Nazarova  [7],  describing  the  interaction  of  5-nitrofurfural  with  nitromethane.  it  is 
evident  that  the  aldol  condensation  product  formed  is  unstable  and  loses  water  even  in  the  cold,  to  give  a>-(5- 
-  nitroselenienyl-  2)-  nltroethylene . 

5- Nltroselenophene- 2- aldehyde  was  condensed  with  rhodanine  by  the  procedure  described  by  Girard  [8]  for 
the  corresponding  condensations  of  ketones,  which  gave  30%  yields.  The  yield  of  5-(5-nltroselenenal-2)-thlazolld- 
one-4-thione-2  was  29%. 


The  condensation  of  5-nitroselenophene-2-aldehyde  with  hippuric  acid  led  to  2-phenyl-4-(5-nitroselenenal- 
-2)-oxazolone-5  (76.5%): 
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EXPERIMENTAL 


3  -(5-Nitroselenienyl-2)-acrylic  acid,  a)  Into  a  round-bottomed  flask  with  a  reflux  condenser  with  a  cal¬ 
cium  chloride  tube  was  placed  2.04  g  (0.01  mole)  of  5-nitroselenophene- 2- aldehyde,  3.47  g  (0.042  mole)  of  an¬ 
hydrous  sodium  acetate,  and  9.9  g  (0,097  mole)  of  acetic  anhydride.  The  mixture  was  heated  for  8  hours  on  an 
oil  bath  at  155-160*,  cooled,  diluted  with  100  ml  of  water,  neutralized  with  sodium  carbonate,  and  filtered.  The 
residue  on  the  filter  was  washed  with  water  until  acidification  of  the  wash  waters  no  longer  produced  a  precipitate. 
The  combined  filtrates  were  acidified  with  concentrated  hydrochloric  acid,  and  the  precipitate  collected  and 
washed  with  water.  We  obtained  1,03  g  (42%)  of  yellow  needles:  the  m.p,  was  252-253*  (with  decomp.)  (from 
alcohol). 

Found  %.  C  33.99,  34.13 j  H  2.22.  2.37;  N  5.37,  5.50.  C7H504NSe. 

Calculated  %;  C  34.16;  H  2.04;  N  5.69. 
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b)  A  mixture  of  1.02  g  (0.005  mole)  of  5-nitroselenophene- 2-aldehyde,  0.52  g  (0.005  mole)  of  malonlc 
acid,  and  4.2  ml  of  dry  pyridine  was  heated  for  4  hours  on  a  water  bath  in  a  flask  with  a  reflux  condenser.  The 
reaction  mixture  was  cooled,  treated  with  8  ml  of  saturated  sodium  carbonate  solution,  and  filtered,  the  filtrate 
acidified  with  hydrochloric  acid,  and  the  precipitate  collected  and  washed  with  water.  We  obtained  0.64  g  (54.5*lt>) 
of  product;  the  m.p.  was  252-253*  (with  decomp.).  A  mixed  melting  point  with  the  acid  described  above  was  not 
depressed. 

Methyl  ester  of  6 -(5-nitroselenienyl-2)- acrylic  acid.  A  solution  of  0.61  g  (0.0025  mole)  of  6 -(5-nittoseleni- 
enyl- 2)- acrylic  acid  in  75  ml  of  anhydrous  methanol  was  saturated  with  hydrogen  chloride  with  cooling,  and  left 
for  2  hours.  After  removal  in  vacuum  of  35  ml  of  alcohol,  the  residue  was  poured  into  150  ml  of  water,  treated 
with  a  solution  of  sodium  bicarbonate,  and  the  precipitate  collected  by  filtration.  We  obtained  0.46  g  (72^)  of 
ester  in  the  form  of  yellow  platelets  \sith  m.p.  149-149.5*  (from  alcohol). 

Found  ‘fe  C  36.66,  36.57;  H  2.97,  2.90;  N  5.34,  5.46.  C,H704NSe. 

Calculated  %  C  36.93;  H  2.71;  N  5.38. 

fl  -(5-Nitroselenienyl-2)-acroleln.  Into  a  three-necked  flask  with  a  stirrer,  thermometer,  and  reflux  con¬ 
denser,  cooled  to  —5  to  —7*,  was  placed  1.53  g  (0.0075  mole)  of  5-nitroselenophene-2-aldehyde  and  3.67  g  (0.083 
mole)  of  acetaldehyde.  With  vigorous  stirring,  0.55  ml  of  25^  potassium  hydroxide  in  methanol  was  added  drop- 
wise.  The  brownish-red  reaction  mixture  was  stirred  for  2.5  hours  at  0  to  +5*,  and  2  hours  at  30*,  and  then  boiled 
for  20  minutes  after  5.5  ml  of  acetic  anhydride  had  been  added  to  it.  The  mixture  was  cooled ,  treated  with  25  ml 
of  water  and  2.5  ml  of  concentrated  hydrochloric  acid,  boiled  for  20  minutes,  and  left  for  12  hours.  The  precipi¬ 
tate  was  collected  by  filtration,  washed  with  cold  water,  and  recrystallized  from  65%  acetic  acid;  dilution  of 
mother  solution  with  water  yielded  a  further  portion  of  the  aldehyde  as  long  yellow  needles  with  m.p.  137.5-138* 
(from  alcohol).  The  yield  was  1.18  g  (68.5%). 

Found  %:  C  36.17,  36.32;  H  2.30,  2.41;  Se  34.13,  34.19.  CiHsOsNSe. 

Calculated  %:  C  36.53;  H  2,19;  Se  34,31. 

Semicarbazone  of  6-(5-nltroselenienyl-2)-acrolein.  From  0.57  g  of  aldehyde,  0.28  g  of  semicarbazide  hy¬ 
drochloride,  and  0.45  g  of  sodium  acetate  in  10  ml  of  water  we  obtained  0.72  g  (quantitative  yield)  of  yellow- 
orange  crystals  with  m.p.  228-229*  (with  decomp.)  (from  dioxane). 

Found  %:  C  33.85,  33.83;  H  2.90,  2.87;  Se  27.24,  27.15.  C,H,0,N4Se. 

Calculated  %;  C  33.47;  H  2.81;  Se  27.49. 

Thiosemicarbazone  of  fl-(5-nltroselenlenyl-2)-acrolein.  From  0.57  g  of  aldehyde  and  0.25  g  of  thlosemi- 
carbazide  in  8  ml  of  alcohol  with  5  drops  of  glacial  acetic  acid,  and  with  the  addition  of  8  ml  of  water,  we  ob¬ 
tained  0.76  g  (quantitative  yield)  of  orange  crystals  with  m.p.  240-242*  (with  decomp.)  (from  dioxane). 

Found  %!  C  32.00,  32.04;  H  2.87,  2.81.  C,H,OxN4SSe. 

Calculated  %;  C  31.69;  H  2.66. 

CL  -  Methyl-  6  -(5-  nitroselenienyl-  2)-  acrolein.  This  product  was  obtained  as  described  above  from  1.53  g 
(0.0075  mole)  of  5-nitroselenophene-2-aldehyde  and  3.81  g  (0.065  mole)  of  propionaldehyde  in  the  presence  of 
0.55  ml  of  25%  potassium  hydroxide  in  methanol:  the  yellow  needles  had  m^).  139-139.5*  after  recrystallization 
from  alcohol,  and  also  after  sublimation  in  a  vacuum  of  12  mm  at  130-135*.  The  yield  was  1.42  g  (77.5%). 

Found  %:  C  39.58,  39.41;  H  2.92,  3.01;  Se  32.24,  32.15.  CgHTO^NSe. 

Calculated  %.  C  39.36;  H  2.89;  Se  32.34. 

The  semicarbazone  of  a-methyl-3-(5-nltroselenlenyl-2)-acrolein  was  obtained  from  0.61  g  of  aldehyde, 
0.28  g  of  semicarbazide  hydrochloride,  and  0.45  g  of  sodium  acetate  in  10  ml  of  water.  The  yield  was  0.75  g 
(quantitative).  The  yellow-orange  crystals  had  m.p.  251-252*  (with  decomp.)  (from  alcohol). 

Found  %;  C  36.22,  36.25;  H  3.49,  3.59;  Se  26.00,  25.89.  C9HioO,N4Se. 

Calculated  %:  C  35.89;  H  3.35;  Se  26.21. 
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q-Ethyl-fl -(5- nltroseletilenyl- 2)- acrolein  was  obtained,  as  described  above,  from  1,53  g  (0,0075  mole)  of 
5-nitroselenophene“2-aldehyde  and  3,85  g  (0,053  mole)  of  butyraldehyde  in  the  presence  of  0,55  ml  of  25%  po¬ 
tassium  hydroxide  in  methanol:  the  yellow  needles  had  m^).  106.5-107*  (from  alcohol,  after  sublimation  in 
vacuum  at  12  mm  and  145-150*).  The  yield  was  1,59  g  (82,5%), 

Found  %:  C  42.14,  42,12;  H  3.70,  3.64;  Se  30.39,  30.33.  CjHjOjNSe. 

Calculated  %;  C  41.88;  H  3.51;  Se  30.59. 

The  semicarbazone  of  a-ethyl-6-(5-nltroselenienyl-2)- acrolein  was  obtained  from  0,64  g  of  aldehyde, 

0.28  g  of  semicarbazlde  hydrochloride,  and  0.45  g  of  sodium  acetate  in  10  ml  of  water.  Yield  0.79  g  (quantita¬ 
tive).  The  yellow  crystals  had  m.p.  205-206*  (with  decomp.)  (from  alcohol). 

Found  %:  0  38.17,38.15;  H  3.98,  4.09;  Se  24.90,  24.87.  CioHuOjN4Se. 

Calculated  %:  C  38.11;  H  3.83;  Se  25,05. 

a)-(5- Nitrose lenieny  1- 2 h nitroethylene .  With  shaking,  a  solution  of  0,13  g  of  sodium  hydroxide  in  0,8  ml 
of  water  was  added  dropwise  to  a  solution  of  1,53  g  (0,0075  mole)  of  5-nitroselenophene-2-aldehyde  and  0,46  g 
(0.0075  mole)  of  nitromethane  in  4.5  ml  of  methanol,  cooled  with  ice  and  salt,  the  mixture  left  for  20  minutes 
and  then  poured  with  vigorous  stirring  into  20  ml  of  5% hydrochloric  acid,  cooled  to  0*,  and  extracted  three  times 
with  ether.  The  extracts  were  dried  with  sodium  sulfate,  the  ether  removed  in  vacuum,  and  the  residue  boiled 
for  5  minutes  with  4  ml  of  acetic  anhydride.  To  the  cooled  mixture  was  added  25  ml  of  water  and  1  ml  of  con¬ 
centrated  hydrochloric  acid,  the  mixture  heated  to  80-90*  for  20  minutes  and  then  left  for  12  hours  in  a  refrigerator. 
The  precipitate  was  collected  by  filtration,  washed  with  water,  and  recrystallized  from  65%  acetic  acid;  dilution 
of  the  mother  solution  with  water  yielded  a  further  portion  of  crystals;  the  yellow  needles  had  m,p,  150-151* 

(from  alcohol)  and  rapidly  darkened  in  air.  The  yield  was  0.6  g  (32.5%). 

Found  %:  C  29.07,  29.23;  H  1.48,  1.53;  Se  31.80,  31.75.  C,H404N2Se. 

Calculated  %:  C  29.16;  H  1.63;  Se  31.96. 

5-(5-Nitroselenenal-2)-thiazolidone-4-thione-2.  1,53  g  (0,0075  mole)  of  5-nitroselenophene- 2- aldehyde 
and  1  g  (0.0075  mole)  of  rhodanine  were  dissolved  in  15  ml  of  alcohol  and  0.5  ml  of  concentrated  ammonia  and 
0,5  g  of  ammonium  chloride  in  1.3  ml  of  water  added.  The  mixture  was  heated  for  15  minutes  in  a  flask  with  a 
reflux  condenser  on  a  water  bath  at  60-65*,  cooled,  and  diluted  with  100  ml  of  water.  The  precipitate  was  col¬ 
lected  by  filtration,  washed  with  water,  dried  and  extracted  with  hot  benzene.  Removal  of  the  benzene  by  distil¬ 
lation  yielded  0,69  g  (29%)  of  product:  the  long  orange  needles  had  m,p.  222,5-223.5*  (with  decomp.)  (from 
acetone). 

Found  %:  C  30.00,  29.86;  H  1.37,  1.35;  Se  24.79,  24.92.  C,H405NjS,Se. 

Calculated  %;  C  30.10;  H  1.26;  Se  24.73. 

2-Phenyl-4-(5-nitroselenenal-2)-oxazolone-5.  1,02  g  (0,005  mole  of  5-nitroselenophene- 2- aldehyde, 

0,89  g  (0,005  mole)  of  hippuric  acid,  and  0,41  g  (0.005  mole)  of  anhydrous  sodium  acetate  in  14  ml  of  acetic  an¬ 
hydride  were  heated  on  a  water  bath  for  30  minutes  at  60-70*.  The  mixture  was  treated  with  14  ml  of  water,  and 
the  precipitate  collected  and  washed  with  alcohol.  We  obtained  1.32  g  (76,5%)  of  yellow  crystals  with  m.p.  244 
to  245*  (with  decomp ,)  (from  acetone). 

Found  %  C  48.48, 48.33;  H  2.55,  2.50;  Se  23.01,  22.95.  Ci4H804NjSe. 

Calculated  7o:  C  48.13;  H  2.32;  Se  22.74. 


SUMMARY 

The  condensation  of  5-nitroselenophene-2-aldehyde  with  compounds  containing  active  methylene  groups 
led  to  5-nitroselenenal-2  derivatives:  0-(5-nitroselenienyl-2)- acrylic  acid  (by  condensation  with  acetic  anhy¬ 
dride  or  malonic  acid), a -alkyl-0 -(5-nitroselenienyl-2)- acroleins  (by  condensation  with  acetaldehyde,  propion- 
aldehyde,  and  butyraldehyde),  (j-(5-nitroselenienyl-2)-nltroethylene  (by  condensation  with  nitromethane),  5-(5- 
-nitroselenenal-2)-thiazolidone-4-thione-2  (by  condensation  with  rhodanine),  and  2-phenyl-4-(5-nitroselenenal- 
-2)-oxazolone-5  (by  condensation  with  hippuric  acid). 
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In  previous  work  [1],  we  described  the  synthesis  of  2,3-  and  2,4-dimethylselenophene.  In  continuing  work 
on  the  synthesis  of  methyl  homologs  of  selenophene,  we  utilized  the  possibility  of  successive  formylation  of  the 
selenophene  nucleus  and  reduction  of  the  aldehyde  to  a  methyl  group  for  the  preparation  of  further  unknown  iso¬ 
meric  trlmethylselenophenes  and  tetramethylselenophene. 

For  the  synthesis  of  2,3,5-trlmethylselenophene,  we  used  2,3-dimethylselenophene,  from  which  we  obtained 
2,3-dlmethylselenophene-5-aldehyde  by  the  action  of  dimethylformamlde  by  a  previously  described  method  [2]. 
Oxidation  of  this  aldehyde  with  silver  oxide  gave  2,3-dimethylselenophene-5-carboxyllc  acid,and  its  reduction  by 
the  Kizhner  general  method  [3]  gave  2,3,5-trimethylselenophene: 
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3,4-Dimethylselenophene  was  used  as  the  starting  material  for  the  synthesis  of  2,3,4-trimethylselenophene. 
Formylation  of  the  former  yielded  3, 4-dlmethylselenophene- 2- aldehyde,  which  was  oxidized  to  3,4-dlmethyl- 
selenophene-2-carboxylic  acid,  identical  with  that  obtained  previously  by  metallation  of  2-lodo-3, 4-dlmethyl¬ 
selenophene  with  phenyllithium  or  magnesium  with  subsequent  carboxylation  of  the  orga  no  metal  lie  compound 
formed  [4-6], 

Reduction  of  3, 4-dlmethylselenophene- 2- aldehyde  yielded  2,3,4-trimethylselenophene,  The  latter,  in  its 
turn,  served  as  the  starting  material  for  the  synthesis  of  tetramethylselenophene.  By  formylation  of  2,3,4-trimethyl¬ 
selenophene  we  obtained  2,3,4-trimethylselenophene- 5-aldehyde,  which  formed  2,3,4-trlmethylselenophene-5- 
-carboxyllc  acid  on  oxidation,  and  2,3,4,5-tetramethylselenophene  on  reduction: 
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of  the  two  isomeric  trimethyl  seleophenes,  only  2,3,4-trimethylselenophene  underwent  mercuration  with 
the  formation  of  5-chloromercuri-2,3,4-trlmethylselenophene{  2,3,5-trimethylselenophene  did  not  undergo  this 
reaction. 
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EXPERIMENTAL 


Synthesis  of  2 ,3 ,5- Trl  methy Iselenophene 

2.3- Dlmethylselenophene"5-aIdehyde  was  obtained  by  the  action  of  dlmethylformamlde  on  2,3-dltnethyl- 
selenophene  (b.p,  159,5-160*  at  756  mm  [1])  In  the  presence  of  phosphorus  oxychloride,  as  described  previously  [2], 
From  23^  g  (0,15  mole)of  2,3-dlmethylselenophene,  13,9  g  (0,19  mole)  of  dlmethylformamlde  and  28,16  g  (0,19 
mole)  of  phosphorus  oxychloride,  we  obtained  18,4  g  (66*^)  of  aldehyde, 

B,p,  114-115*  (12  mm).  n*®D  1,6106,  d“4  1,4683,  MRq  44,08,  C7H|OSeF„  Calc,  42,01, 

Found  %  C  44,73,  44,76;  H  4,34,  4,44,  C7H,OSe, 

Calculated  ‘fe  C  44,94;  H  4,31, 

Semlcarbazone  of  2,3-dlmethylselenophene-5-aldehyde;  m,p,  242-243*  (from  50*^  alcohol). 

Found  %.  N  16,86,  16,82,  C,HiiONjSe, 

.  Calculated  N  17,20, 

Thlosemlcarbazone  of  2,3-dlmethylselenophene-5-aldehyde;  m,p,  194,5-195*  (from  50%  alcohol). 

Found  %:  N  14,92,  14,96,  CgHjiSNsSe, 

Calculated  %:  N  15,22, 

2.4- Dlnltrophenylhydrazone  of  2,3-dlmethylselenophene- 5-aldehyde;  m,p,  268-269*  (from  a  mixture  of 
alcohol  and  ethyl  acetate). 

Found  %:  N  15,41 ,  15,47,  Ci3H„04N4Se, 

Calculated  %:  N  15,26, 

2.3- Dlmethylselenophene-5-carboxyllc  acid,  0,5  g  of  2,3-dlmethylselenophene-5-aldehyde  was  oxidized 
with  an  alkaline  solution  of  silver  oxide,  obtained  from  1  g  of  silver  nitrate  and  0,3  g  of  sodium  hydroxide  In  30  ml 
of  50%  alcohol  and  18  ml  of  water.  We  obtained  0,5  g  (quantitative  yield)  of  acid  with  m,p,  197-197,5*  (from 
50%  alcohol). 

Found  %:  C  41,63,  41,46;  H  4,22,  4,12,  C7H|OiSe, 

Calculated  %:  C  41,40;  H  3,97, 

2.3.5- Trlmethylselenophene,  10,2  g  (0,06  mole)  of  2,3-dlmethylselenophene-5-aldehyde,  10  g  (0,2  mole) 
of  hydrazine  hydrate,  and  6,1  g  (0,15  mole)  of  sodium  hydroxide  in  60  ml  of  dlethylene  glycol  were  placed  In  a 
flask  with  a  reflux  condenser  and  heated  for  2  hours  on  an  oil  bath  at  130-180*,  and  then  the  reaction  product  was 
distilled  from  the  reaction  flask,  dried,  and  redistilled.  We  obtained  5,4  g  (52%)  of  product, 

B,p,  179-180*  (754  mm),  n*®D  1,5461,  d*®4  1,2980,  MRp  42,16,  C7HioSeF„Calc,  42,00, 

Found  %  C  48,38  ;  48,48;  H  5,91,  5,97,  C7Hu)Se, 

Calculated  %:  C  48,59;  H  5,82, 

2.3.5- Trlmethylselenophene  was  not  chloromercurated  under  the  usual  condltlotu. 

Synthesis  of  2,3  ,4- Trlmethylselenophene 

3. 4- Dlmethvlselenophene- 2- aldehyde.  From  39g  (0,25  mole)  of  3,4-dimethylselenophene  (b,p,  168-168,5* 
at  745  mm  [7]),  22,6  g  (0,31  mole)  of  dlmethylformamlde  and  47,5  g  (0,31  mole)  of  phosphorus  oxychloride,  as 
described  above,  we  obtained  41,5  g  (94%)  of  aldehyde  with  m,p,  91-91,5*  (from  50%  alcohol). 

Found  %:  C  44,88, 44,86;  H  4,38,  4,25;  Se  39,08,  39,04,  C7HgOSe, 

Calculated  %  C  44,94;  H  4,31;  Se  39,26, 
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Semlcarbazone  of  3,4-dlmethylselenophene"2-aldehyde;  m,p.  213,5-214*  (from  50‘5b  alcohol). 

Found  Se  32,48,  32.39.  CgHuONsSe. 

Calculated  °h.  Se  32.21. 

Thlosemlcarbazone  of  3,4-dlmethylselenophene“2-aldehyde;  m.p.  209-210*  (with  decomp.)  (from  50% 
alcohol). 

Founds.  C  36.26,  36.33t  H  4.38,  4.42i  Se  30.40,  30.31.  C,HiiSNsSe. 

Calculated  %:  C  36.08;  H  4.26;  Se  30.23. 

2.4- Dlnltrophenylhydrazone  of  3, 4-dlmethylselenophene-2- aldehyde;  m,p,  254.5-255*  (from  a  mixture  of 
alcohol  and  ethyl  acetate). 

Found  %  Se  21.65,  21.45,  Cj3Hj204N4Se. 

Calculated  %.  Se  21,51, 

3.4- Dlmethylselenophene-2-carboxyllc  acid.  0,5  g  of  3, 4-dlmethylselenophene- 2-aldehyde  was  oxidized 
with  an  alkaline  solution  of  sliver  oxide,  as  described  above.  We  obtained  0,5  g  (quantitative  yield)  of  acid  with 
m,p.  183-183.5*  (from  50%  alcohol),  A  mixed  melting  point  with  authentic  3, 4-dlmethylselenophene- 2-carboxyl- 
Ic  acid,  obtained  previously  [4-6],  was  not  depressed. 

2 .3 .4-  Trl methy Iselenophene  was  obtained  from  31.5  g  (0.169  mole)  of  3,4-dlmethylselenophene-2-aldehyde, 
35  g  (0,7  mole)  of  hydrazine  hydrate,  and  20,4  g  (0,5  mole)  of  sodium  hydroxide  In  200  ml  of  dlethylene  glycol, 

as  described  above,  to  give  a  yield  of  21,4  g  (74%). 

B.p.  189-189.5*  (745  mm),n*®D  1.5552,  d*®^  1.3302,  MRjj  41.60;  CtHioSoF,.  Calc.  42,00. 

Found  %!  C  48.31,  48.32;  H  5.53;  5,64.  CyHjoSe. 

Calculated  %:  C  48.59;  H  5.82. 

5-Chloromercurl- 2, 3 ,4- trlmethy Iselenophene,  obtained  by  the  action  of  mercuric  chloride  on  2,3 ,4-trlmethyl' 
selenophene  In  an  aqueous  alcohol  solution  In  the  presence  of  sodium  acetate,  melted  at  185-186*  (rapid  heating). 

Found  %;  Hg  49.35  ,  49.48.  CTHgHgClSe. 

Calculated  %:  Hg  49,14, 

Synthesis  of  2,3  ,4 ,5-Tetramethylselenophene 

2 .3 .4-  Trlmethylselenophene- 5- aldehyde.  From  18,8  g  (0,11  mole)  of  2,3,4-trimethylselenophene,  9,9  g 
(0,13  mole)  of  dlmethylformamlde,  and  19.84  g  (0,13  mole)  of  phosphorus  oxychloride,  as  described  above,  we 
obtained  17  g  (77%)  of  aldehyde  with  m,p,  60-61*  (from  50%  alcohol). 

Found  %:  C  47.50,  47.52;  H  4.98,  4.99,  C,HioOSe. 

Calculated  %:  C  47.76;  H  4.97. 

Semlcarbazone  of  2,3,4-trlmethylselenophene-5-aldehyde;  m,p,  249-250*  (with  decomp, )  (from  dloxane). 
Found  %;  Se  30,30,  30.20.  CgHj^ONsSe. 

Calculated  %;  Se  30,58, 

Thlosemlcarbazone  of  2,3,4-trtmethylselenophene-5-aldehyde;  m,p,  242-243*  (from  dloxane). 

Found  %:  C  39.49,  39.34;  H  4.67,  4.72;  Se  28.85  ,  28.83.  C^H^SNsSe. 

Calculated  %  C  39.41;  H  4.77;  Se  28.80. 

2.4- Dlnitrophenylhydrazone  of  2,3,4-trimethylselenophene- 5- aldehyde;  m,p,  259,5-260*  (from  dloxane). 
Found  %:  Se  20.51,  20.68.  Ci4Hi404N4Se. 

Calculated  %;  Se  20,71. 
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2,3 ,4-Trlmethylselenophene- 5-carboxyllc  acid.  By  oxidation  with  an  alkaline  solution  of  silver  oxide,  as 
described  above,  from  0,5  g  (0.002  mole)  of  2,3, 4- trimethylselenophene- 5- aldehyde  we  obtained  0,5  g  (quanti** 
tative  yield)  of  acid  with  m.p,  202-202,5*  (from  50%  alcohol). 

Found  %:  C  44.26,  44.29;  H  4.74,  4.85.  C,HioOiSe. 

Calculated  %;  C  44.24;  H  4.64. 

2 ,3 ,4 ,5- Te tr a methy Ise lenophe ne .  From  15,5  g  (0,07  mole)  of  2,3,4-trlmethylselenophene-5-aldehyde, 

15.5  g  (0.31  mole)  of  hydrazine  hydrate  and  9.3  g  (0.23  mole)  of  sodium  hydroxide  in  100  ml  of  diethylene  glycol, 
we  obtained  6.9  g  (48%)  of  product,  as  described  above. 

B.p.  205.5-206*  (748  mm),  n*®D  1.5510,  d”4  1.2790,  MRq  46.68.  C,Hi*SeF,.  Calc.  46.61. 

Found  %;  C  51.52,  51,42;  H  6.40  ,  6.58,  C,Hi,Se. 

Calculated  %;  C  51.33;  H  6.41. 


SUMMARY 

1,  Successive  formylation  of  2,3-  and  3,4-dlmethylselenophene  and  reduction  of  the  aldehydes  formed  by 
Kizhner's  method  made  it  possible  to  obtain  2,3,4-  and  2,3,5-trlmethylselenophenes,  and  also,  2,3,4,5-tetramethyl- 
selenophene,  which  have  not  been  described  in  the  literature. 

2,  The  intermediate  products  in  the  reactions  given  were  2, 3-dlmethylselenophene- 5-aldehyde,  3,4-dl- 
methylselenophene-2- aldehyde  and  2,3,4-trlmethylselenophene'5-aldehyde,  Oxidation  of  these  led  to  2,3-dlmethyl- 
selenophene-5-carboxylic  acid,  3,4-dimethylselenophene-2-carboxyllc  acid  and  2,3,4-trlmethylselenophene-5- 
-carboxyllc  acid,  respectively. 
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The  decarboxylation  of  carboxylic  acids  has  been  studied  in  very  great  detail.  Brown  [1]  presented  a  series 
of  proofs  showing  that  these  reactions  proceed  through  the  formation  of  an  anion  or  a  dipolar  ion: 

ncOjH  ncor  — ♦  h-  i- 
HCOjH  H  +  RGOF  ^  RH  1  G('o. 

H*  -I-  ROOF  -*>  MR  H-GOa- 

The  single  example  of  decomposition  in  the  undissociated  form  is  that  of  mesitolc  acid,  and  the  assumption 
of  CO|H^  as  an  intermediate  product  is  quite  controversial: 

H  +  RGOgH  — H  R  4-  COall*  H  R  +  GOj  f  H+. 

The  thermal  decarboxylation  of  esters  is  a  more  complex  process.  Here,  the  two  ruptured  bonds  have  ap¬ 
proximately  equal  strength, •  Ionization  of  the  RCCX)— R*  bond  is  hindered  by  the  high  formation  energy  of  R*'*’. 
Therefore,  an  ester  can  hardly  decarboxylate  by  Routes  (l)-(3).  Rupture  into  radicals  at  the  R— COO— R*  bonds  is 
Improbable,  despite  the  formation  of  the  stable  CO|  molecule  from  the  —COO—  fragmenti  apparently,  only  a 
molecular  mechanism  can  be  considered. 

The  problems  of  the  mechanism  of  this  reaction,  and  the  effect  of  the  nature  of  the  groups  on  the  rupture  of 
both  bonds  might  possibly  be  solved  by  comparing  the  decarboxylation  kinetics  of  esters  of  different  structures. 

The  difficulties  connected  with  small  expected  differences,  and  the  low  accuracy  of  kinetic  experiments  may  be 
avoided  partially  by  the  use  of  radioactive  tracers.  Let  us  assume  that  one  molecule  contains  two  decarboxylatable 
groups  of  different  structures,  one  of  which  is  labeled  with  *he  isotope  of  carbon  in  the  carboxyl.  The  ratio  of 


(1) 

(2) 

(3) 


•In  ethers,  the  R— OR*  bond  is  more  stable  than  even  the  C— C  bond  in  paraffins  [2],  The  RCOO— R*  bond  in  esters 
is  probably  slightly  weaker  than  the  C— C  bond,  but  its  relative  strength  is  indicated  by  the  fact  that  the  pyrolysis 
of  esters  of  carboxylic  acids,  for  example: 


GHaGOOGallj  ^  GH3GOOH  -f  G2H4,  (5) 

proceeds  smoothly  only  when  a  double  bond  may  be  produced  in  the  R*  group  in  RCOOR*.  Otherwise,  the  ester  is 
found  to  be  more  stable,  and  decomposes  by  another  route.  Thus,  phenyl  acetate  pyrolyzes  only  at  625*  and  not 
at  430-500*  like  alkyl  acetates,  and  then  the  RCO— OR*  bond  is  broken  [3],  The  energy  for  rupture  of  the  C— O 
bond  in  alcohols  and  acids  (~90  kcal/  mole)  is  also  greater  than  that  of  the  C— C  bond  in  paraffins  (63-83  kcal 
per  mole)  [4], 
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the  decarboxylation  rate  of  the  labeled  and  unlabeled  groups  may  be  determined  readily  by  dividing  the  isotope 
content  of  the  CO2  liberated  by  that  of  the  original  molecule.  From  this  ratio,  it  is  easy  to  determine  the  differ¬ 
ence  in  the  activation  energies  of  the  two  processes  and  to  use  this  for  finding  one  of  the  two  activation  energies 
from  the  other.  By  such  a  method,  it  would  be  possible  to  avoid  the  bulk  of  the  reasons  for  the  nonreproducibility 
of  experiments  since,  due  to  the  two  groups  being  in  the  same  molecule,  for  the  two  parallel  reactions,  at  least 
In  the  Initial  period,  the  number  of  collisions  would  be  exactly  the  same,  the  steric  factors  would  be  very  similar, 
etc. 


In  the  present  work,  this  general  method  was  applied  to  the  investigation  of  the  kinetics  and  mechanism 


of  the  decarboxylation  of  methyl  acetylsalicylate,  labeled  in  the  acetate  group  with 


COOCH3 


(fi) 


/\ 


4- CO, 


\/  \  (7) 

OC*()Cll3  --- 


^OC*OCH-, 
.  A'-OOCHa 


+  0*0,. 


(6) 


(7) 


The  two  competing  reactions  are  represented  by  (6)  and  (7). 


One  of  the  reasons  for  the  choice  of  this  substance  was  the  fact  that  the  two  groups  are  in  a  position  ortho 
to  each  other  and,  as  is  known,  this  facilitates  decarboxylation.  For  example,  methyl  benzoate  does  not  decom¬ 
pose,  even  after  heating  at  380-400*  for  8  hours, .while  its  o-hydroxy  derivative  (methyl  salicylate)  gives  anisole 
and  CPj  even  on  heating  to  300*  [5], 


EXPERIMENTAL 


Syntheses  of  Starting  Compounds 

Methyl  acetyl- l-C^*-salicylate  (MA*S)  was  obtained  by  the  scheme: 


H,iC*()3  — C*()2  CHaC^OUH 


A*MC-}- 01130*0011 


-H()C,H4C00C1(,  CH3C*0 


011300^ 


>  CIl3C*OONa 

r.n.coci 

d 


The  optimal  conditions  were  found  by  test  syntheses. 

Sodium  acetate- 1-C^*  (stages  a-c)  was  obtained  on  a  0,005  mole  scale  by  a  method  developed  on  the  basis 
of  literature  data  [6],  starting  from  a  mixture  of  0,102  g  of  BaC^Oj  (335  fxC)  and  1,241  g  of  BaCOs  (a  total  of 
0.00682  mole).  The  yield  was  73%  with  respect  to  BaCOs.  The  total  product  from  several  parallel  syntheses 
(0,013  mole,  655  pC)  was  used  for  stage  (d). 

Acetic  anhydride- 1-C^^  (stage  d)  was  obtained  from  a  dry  mixture  of  1,07  g  (0,013  mole)  of  CH3C  ’OONa, 
3,63  g  (0,0443  mole)  of  CHaCOONa,  and  4,3  ml  (0,0635  mole)  of  CHaCOCl.  The  yield  of  acetic  anhydride- 1-C^^ 
was  72%  (0,0415  mole). 

Methyl  acetyl- 1-C^^-salicylate  (stagey)  was  obtained  by  a  modification  of  Erdmann's  method  [7]  by  boil- 
CHjC’O 

ing  a  dry  mixture  of  3,9  ml  of  U  and  0,5  ml  of  (CHaCO)^©  (a  total  of  0,0466  mole),  5,8  ml  (0.0452 

CHaCO^ 

mole)  of  methyl  salicylate,  9  ml  (0,1  mole)  of  benzene,  and  0,1  g  of  camphorsulfonlc  acid  [8]  for  30  hr  under  re¬ 
flux  with  protection  from  atmospheric  moisture.  The  volatile  components  were  distilled  from  the  reaction  product 
at  about  20  mm  Hg,  and  the  vapors  were  collected  in  two  traps  at  —78*.  The  residue  was  poured  onto  a  watch 
glass,  where  the  MA*S  crystallized  after  several  hours;  the  yield  was  53%  on  stage  (e);  the  total  yield  was  24,3% 
with  respect  to  BaC*Oa. 
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Fig,  1.  Quartz  ampules  for  Investi¬ 
gating  decarboxylation  kinetics:  a) 
blank  ampule;  b)  ampule  sealed 
off  with  substance;  c)  glass  gas- 
scrubber  for  trapping  COj. 


The  total  radioactivity  of  the  MA*S,  according  to  this,  must 
have  been  equal  to  655  •  0.243:2  =  80  fiC  (half  of  the  radioactivity 
was  lost  with  acetic  acid),  and  the  molar  radioactivity  a^^CMA’S)  = 

=  80:0,0246  =  3230  fiC/mole, 

Unlabeled  methyl  acetylsalicylate  was  obtained  by  the  same 
method  from  a  mixture  of  4  moles  of  methyl  salicylate,  4  moles  of 
acetic  anhydride,  8  moles  of  benzene,  and  0,02  mole  of  camphorsul- 
fonic  acid.  The  benzene  and  acetic  acid  were  distilled  from  the  reac¬ 
tion  mixture  at  100*  and  500  mm  Hg  with  nitrogen  passed  through  the 
liquid  and  the  residual  acetic  acid  and  unreacted  material  were  evapo¬ 
rated  with  hot  air  (120*)  in  a  countercurrent  column  (55  X  2  cm)  with 
a  packing  of  glass  Fensky  rings,  3-4  mm  in  diameter,  heated  to  120*, 
The  MAS  crystallized  from  the  concentrate.  After  two  recrystalliza- 
tlons  from  alcohol,  the  product  was  obtained  as  colorless,  flaky  crystals 
(3,1  moles;  77%);  the  m,p.  was  49*,  d^®^  1,138  (lit,  m,p,  48-49*), 

Determination  of  Molar  Radioactivity  of  MA  *  S 

The  molar  radioactivity  ajn(MAS)  was  determined  by  combustion 
of  MA*S  and  measurement  of  the  radioactivity  of  a  BaC*Oj  sample 
by  a  previously  described  procedure  [9],  The  sample  thickness  was  al¬ 
ways  greater  than  the  infinite  value  (Ts  25  mg/ cm*)  so  that  G  =  1. 

In  combustion  of  MA*S  (C9C*Hio04),  the  labeled  C*Oj  was  diluted 
ten  times  with  unlabeled  material  and,  therefore: 


am(MA  •  S)  =  10am(BaC  *  Oj)  = 


=  1.97 


10*K JlC/mole. 
G 


(9) 


The  experiment  gave  the  following  results:  T  =  27  mg/ cm*, 

G  =  1 ,  R  =  4098  counts/  min,  the  calibration  coefficient  of  the  counter 
K  =  4,5  •  10“*  M  C  •  min/  mg  •  count,  and  ani(MA*S)  =  3620  M  C/  mole,  l,e„  112%  of  the  calculated  from  the 
chemical  yield  (the  12%  difference  is  caused  by  the  inaccuracy  of  K,  see  [9]),  In  the  experiments,  we  used  MA*S 
with  a  radioactivity  of  72,5  pC/mole,  obtained  by  50-fold  dilution  with  inactive  MAS. 


Experimental  Procedure 

The  decarboxylation  was  carried  out  by  heating  dry  materials  at  constant  temperature  for  a  definite  time 
in  pure  nitrogen  at  2  mm  Hg  in  sealed  quartz*  ampules  (Fig,  l,b).  The  nitrogen  for  Hushing  the  ampules  was 
carefully  freed  from  traces  of  oxygen,  carbon  dioxide,  and  water. 

An  ampule  (Fig,  la)  was  washed  with  hot  chromic  mixture,  dried,  baked  at  300*,  and  cooled  in  a  stream  of 
nitrogen,  and  into  it  was  introduced  a  weighed  sample  of  MA*S,  The  left  neck  of  the  ampule  was  sealed  off,  as 
in  Fig.  l,b,  A  double  constriction  was  made  in  the  right  neck  of  the  ampule.  The  ampule  was  pumped  out  to 
2  mm  and  filled  with  nitrogen  6  times,  pumped  out  again,  and  sealed  off  as  in  Fig,  1^, 

The  ampules  were  heated  in  a  300-Watt  copper-block  thermostat  v/ith  pockets  for  ampules,  thermometers, 
and  a  bimetallic  spiral  thermoregulator.  The  heating  was  regulated  with  an  electrical  relay  by  a  normal  circuit 
with  an  accuracy  of  ±1*;  the  difference  in  temperature  between  pockets  was  less  than  1*.  An  ampule  set  in  the 
heated  block  reached  a  temperature  1*  less  than  the  given  one  after  5  minutes.  An  ampule  withdrawn  from  the 
block  cooled  to  room  temperature  after  approximately  1  minute. 

The  COj  was  removed  from  the  heated  ampules  by  the  following  method.  .The  ends  of  the  ampule  were 
connected  with  rubber  tubes.  Hushed  with  nitrogen:  1)  to  a  source  of  nitrogen,  and  2)  to  a  U-shaped  trap,  cooled 


•By  special  experiments  it  was  found  that  in  glass  ampules  the  reaction  occurred  mainly  on  the  glass  surface  and, 
in  quartz  ones,  in  the  volume. 
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Fig.  2,  Kinetic  curves  of  "conversion  fraction  Xj— 
—  time  T  •  for  the  methyl  carboxyl  group  of  MA  *  S 
at  280  ,  300,  and  320*.  Curves  £  are  calculated  by 
Eq.  (14);  lines  b  from  data  on  the  constant  k]^,  and 
curve  c  repeats  the  corresponding  curve  in  Fig.  3. 


to  —78*,  for  trapping  volatile  pyrolysis  products,  and 
to  two  gas-scrubbers  (Fig,  l,c)  with  baryta  water  for 
trapping  COj.  The  ends  of  the  ampule  were  broken 
off  Inside  the  tubing  (the  inlet  first),  and  the  CO| 
flushed  through  into  the  traps  with  nitrogen  for  20  to 
30  minutes  by  heating  the  ampule  in  hot  water.  The 
procedure  of  pumping  out,  sealing,  heating,  and  re¬ 
moving  the  CO|  was  repeated  with  the  same  portion 
of  MA  •  S  in  the  given  ampule  for  three  successive 
times  to  give  three  points  for  each  kinetic  curve.  All 
experiments  were  carried  out  with  3-5  samples  of 
MA*S,  The  weight  and  molar  activity  of  the  BaC*Os 
from  the  gas- scrubbers  were  determined  as  described 
previously  [9]. 

The  calculations  were  carried  out  in  the  follow¬ 
ing  way:  let  n«  be  the  number  of  moles  of  unlabled 
CO|,  and  nj  the  number  of  moles  of  labeled  C*Oi 
liberated.  The  molar  radioactivity  of  the  latter  equals 
the  molar  radioactivity  of  the  MA"S  taken.  The 
molar  radioactivity  of  the  mixture  of  n«  moles  of  CO| 
and  nj  moles  of  C*0^  is  less  than  the  molar  radio¬ 
activity  of  the  starting  MA*S  by  a  factor  of  ns/fnt+ny). 
The  experiment  gave  the  weight  of  the  BaC*Os  pre¬ 
cipitate  in  the  gas- scrubbers,  from  which  n^  +  n^  could 
be  found,  and  the  molar  radioactivity  of  the  BaC*0|, 
from  which  we  could  find  ns(n«  n7)  by  dividing  it  by 
the  molar  radioactivity  of  the  MA*S.  By  calculating 
ns  and  nj  from  this,  and  dividing  them  by  the  initial 
number  of  moles  of  MA*S,  we  found  the  values  of  the 
conversion  fractions  Xs  and  x^  for  the  two  competing 
reaction  routes  (6)  and  (7). 


Kinetics  of  MA*S  decarboxylation.  The  experi¬ 
ments  were  carried  out  at  280  ,  300,  and  320*  in  am¬ 
pules  (Fig,  l,y  with  5  g  (0,0258  mole)  samples  of  MA*S  by  the  procedure  described  above. 

Figure  2  shows  the  calculated  kinetic  curves  Xg—  /(r)  and  the  experimental  points  for  the  liberation  of  COj 
from  the  methyl  carboxyl  group  of  MA*S,  and  Fig,  3  gives  the  experimental  curves  X7—  /(t)  for  the  liberation  of 
C*0|  from  the  acetoxy  group.  The  character  of  the  curves  is  preserved  at  all  temperatures,  and  the  scatter  of  the 
points  is  small.  For  comparison,  the  curve  for  Xy  at  300*  is  also  given  in  Fig.  2.  It  is  evident  that  initially  the 
rate  of  C*Oj  evolution  exceeds  the  rate  of  CO^  evolution  by  a  factor  of  several,  but  then  the  liberation  of  CO*  in¬ 
creases  and  surpasses  the  liberation  of  C  *  O}. 


The  course  of  the  curves  in  Fig,  2  indicates  autocatalysis.  The  autocatalyzing  reaction  product  was  appar¬ 
ently  not  a  phenol,  since  the  addition  of  3.2,  6.2,  and  6.8  mole%of  phenol  did  not  increase  the  decarboxylation 
rate  of  MA*S  at  320*.  With  3-  and  9-fold  dilution  with  anthracene,  the  rate  of  CQf  evolution  from  MA*S  (at 
280*)  increased  considerably;  the  rate  of  C^Oj  evolution  increased  with  3-fold  dilution  and  fell  somewhat  with 
9-fold  dilution.  It  is  possible  that  the  autocatalyst  was  a  substance  of  the  anthracene  type.  On  the  other  hand, 
with  the  transition  from  the  polar  molten  MAS  to  a  dilute  solution  in  the  nonpolar  anthracene,  the  reaction  rate 
may  change  sharply  (Menshutkln  effect).  We  were  unable  to  find  a  suitable  solvent  for  determining  the  order  of 
reaction  with  respect  to  MAS;  heavy  paraffins  were  poor  solvents  of  MAS,  and  aromatic  compounds  could  be  cata¬ 
lysts,  The  order  of  reaction  could  only  have  been  determined  by  experiments  in  dilute  solution,  for  which  larger 
(and  stronger)  ampules,  containing  considerable  amounts  of  MAS,  would  have  been  required.  The  existing  pro¬ 
cedure  did  not  allow  such  experiments,  and  the  order  of  reaction  had  to  be  estimated  from  indirect  data. 
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Qualitative  Investigation  of  pyrolysis 
products  of  MAS.  Heating  5-7  g  of  MAS  In  a 
glass  ampule  85  mm  long  and  25  mm  in  diam¬ 
eter  at  260*  for  1-1.5  hr  yielded  a  viscous 
tarry  liquid  with  the  smell  of  methyl  salicyl¬ 
ate,  from  which  MAS  crystallized;  when  the 
heating  time  was  increased  to  3  hr,  or  the 
temperature  was  raised  to  300*,  the  liquid  be¬ 
came  more  mobile  and  the  cresol  smell  ap¬ 
peared.  Vacuum  distillation  of  this  liquid 
with  the  products  trapped  at  —78*.  gave  a 
series  of  fractions,  and  from  qualitative  tests 
and  the  boiling  points,  these  were  found  to 
contain  acetone  (from  the  reaction  with  iod¬ 
ine  [10]),  acetic  anhydride  (from  the  reaction 
with  aniline  [11]),  and  methyl  salicylate; 
acetic  acid  was  absent.  Acetic  anhydride  ap¬ 
peared  in  the  products,  beginning  from  240* 
and  cresols  and  COj,  beginning  from  280* 

Fig.  3.  Kinetic  curves  of  C*02  evolution  from  the  acetoxy  Analogous  results  were  obtained  with 

groups  of  MA*S  at  280  ,  300,  and  320*.  Curves  ai  —  experl-  MA*S.  A  total  of  21  g  of  MA*S  with  a  molar 

mental;  lines  b—  initial  course  of  reaction.  radioactivity  of  395  pC/mole  was  heated  at 

260*  for  1.5  hr  in  3  ampules.  Distillation  of 
the  product  on  the  rotating  column  developed  by  Irlin  and  Bruns  [12]  gave  the  following  fractions:  1st,  50-130*, 
containing  acetone  and  acetic  anhydride,  and  2nd,  220-227*,  containing  methyl  salicylate.  The  first  fraction  was 
hydrolyzed  with  aqueous  ammonia.  The  acetone  was  removed  from  the  ammonium  acetate  solution  obtained  by 
evaporation  of  the  latter  to  a  sirupy  consistency.  A  sample  of  this  solution  was  combusted,  and  the  radioactivity 
of  the  C*Oj  obtained  was  determined.  Calculation  of  the  molar  radioactivity  of  the  ammonium  acetate  from 
this  showed  that  it  was  equal  to  385  fiC/mole,  i.e.,  almost  the  same  as  that  of  the  original  MA*S.  Therefore, 
there  is  no  doubt  that  the  acetic  anhydride  was  formed  from  the  labeled  acetoxy  group  of  the  MA*S.  When  the 
separate  products  of  MAS  pyrolysis  were  heated  under  the  same  conditions,  it  was  found  that  acetic  acid  was  not 
decarboxylated;  methyl  salicylate  and  acetic  anhydride  were  decarboxylated  (the  latter  left  a  layer  of  tar  on  the 
glass). 


DISCUSSION  OF  RESULTS 

Since  the  molar  radioactivity  of  the  carbon  dioxide  liberated  was  less  than  that  of  the  original  MA*S,  the 
C*Oi  from  the  acetoxy  group  was  diluted  by  unlabeled  COj  from  the  methyl  carboxyl.  Since  under  the  experi¬ 
mental  conditions  there  were  no  other  sources  of  unlabeled  COj,  it  is  evident  that  both  groups  were  decarboxylated 
simultaneously. 

Decarboxylation  of  unlabeled  methyl  carbo^l  group.  The  course  of  the  curves  in  Fig.  2  may  indicate 
either  a  chain  radical  mechanism  or  autocatalysis.  The  former  is  excluded  since  in  interrupted  reactions,  for  the 
extraction  of  CO2,  the  contents  of  the  ampules  were  heated  at  100*  for  20-30  minutes  and  free  radicals  could  not 
remain  in  the  liquid  phase  for  this  time;  however,  despite  these  intermediate  heatings,  all  the  curves  were  smooth. 
Therefore,  this  course  may  only  be  explained  by  the  autocatalytic  action  of  some  stable  reaction  products. 

However,  autocatalysis  cannot  begin  spontaneously;  it  must  be  initiated  by  another,  even  though  slow,  non- 
catalytic  process.  The  latter  may  occur,  for  example, by  the  collision  of  two  MA*S  molecules;  the  result  is  the 
formation  of  COj  and  a  product  Pj,  which,  by  further  collision  with  another  MA*S  molecule,  also  gives  COj,  and 
products  amongwhich  is  again  P^: 

MA*S  COo-f  I',.  .  (10) 

MA*S  f-I*,  CO,  I- 21',... 
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Then  the  rate  of  CO|  evolution  will  equal: 


dlC02)/rfT==/c,[MA*3]-f-/c2[MA*S]-  IP,).  (12) 

Since  Pj  and  CO^  are  obtained  in  equimolecular  amounts,  [Pj]  =  [CO|].  Substituting  this  in  (12),  dividing 
by  [MA*S],  and  remembering  that  Xg  =  [CO|]:[MA*S],  we  obtain 

r/xg/dx  =  A,  [MA*SJ  (l4-^xe).x.  (13) 

In  our  experiments,  Xg  s  10%  and,  therefore,  the  concentration  [MA*S]  may  be  taken  as  constant;  since 
d^^^g  1.138,  it  equals  5.9  M.  Equation  (13)  is  then  easily  integrated: 

2.3  .  /  k.,  \ 

^  \ /c,  “  '* 

The  constants  kj  and  kj  for  320  and  300*  were  found  by  the  method  of  iteration  by  substituting  in  (14)  the 
coordinates  of  the  "best*  experimental  points  (marked  with  black  circles  in  Fig,  2),  For  320*  we  obtained  the 
values  kj  =  2,48  •  lO”^  liters  •  mole"^  •  sec"^  and  k^  =  3,68  •  lO"®  liters  •  mole"*  •  sec"*;  for  300*,  kj  =  6.64  •  10"* 
liters  •  mole"*  •  sec"*,  and  kj  =  1,58  •  lO"*  liters  •  mole"*  •  sec"*.  The  slight  bend  of  the  experimental  curve  for 
280*  did  not  allow  such  a  calculation  in  this  case,  and  the  values  k  =  1,75  •  10  *  and  k*  =  6,70  •  10  *  liters  •  mole  * 
•sec”*  were  found  by  extrapolation  from  the  graph  of  Ig  k  =  /(1/T),  Figure  2  shows  that  the  experimental  points 
for  280  ,  300,  and  320*  fit  well  on  the  curves  calculated  from  Eq,  (14)  by  substituting  the  values  of  k^  and  k^  in 
it,  and  the  lines  b,  drawn  with  a  slope  equal  to  kj,  satisfactorily  express  the  initial  period  of  the  reaction  accord¬ 
ing  to  Eq.  (10).  This  confirms  the  hypothesis  on  the  autocatalytic  mechanism,  and  also  the  accuracy  of  the  rate 
constants  found,  and  makes  it  possible  to  calculate  the  activation  energy.  According  to  the  data  for  300  and  320*, 
for  the  noncatalytic  reaction  (10),  Ea,jg  =  44  kcal/  mole  and  for  the  catalytic  reaction  (11),  Ea^y  =  38  kcal/ mole 
(Ea,u»  naturally,  was  found  to  be  less  than  £340)*  For  the  pre exponential  factor,  we  obtained  the  reasonable  values 
(Pzo)jg  =  5  •  10*  and  (Pzo)ii  =  6  •  10*  liters  •  mole"*  •  sec”*. 

The  catalytic  reaction  (11)  evidently  must  have  a  bimolecular  character,  but  not  the  noncatalytic  reaction 
(10),  since,  for  Eq,  (12)  to  be  realized,  it  was  only  necessary  that  the  first  term  specified  by  it  should  not  depend 
on  [COj],  However,  the  other  alternative,  i,e.,  monomolecular  decomposition  of  MAS,  apparently  should  require 
a  much  higher  activation  energy.  Thus,  the  assumption  of  an  ionic  mechanism: 

HCOOCIIj  ^  CO.2  !  1*1  I-  .  .  .  ^5) 

H+  +  COa  4-  CHS" 

contradicts  the  well-known  fact  of  the  weak  polarity  of  the  R— COOCH3  bond  and  the  high  formation  energy  of 
the  intermediate  ions  for  (15);  for  decomposition  according  to  (16): 

IlCOOCH;,  ^  R-  4-  CO2  4-  CHs  — CO2  4-  I’l  I  •  •  •  (16) 

the  activation  energy  must  be  considerably  higher  than  the  experimental  value,*  Finally,  the  hypothesis  (17); 


•  There  is  no  thermochemical  data  for  MAS,  but  it  is  possible  to  give  an  evaluation  for  the  analogous  compound 
methyl  benzoate.  From  its  heat  of  combustion  (950,8  kcal/  mole  [13]),  and  of  evaporation  (20,0  kcal/  mole;  this 
follows  from  the  vapor  pressure  [14])comes  the  heat  of  formation  AH  ^*  (CgH^jCOjCHs,  gas)  =  —54,9  kcal/ mole. 
Then,  from  the  reactions  CgHgBr  (gas)  -^CgHg  (gas)  +  Br  (gas)—  70,9  kcal/  mole  [15]  and  Na  (gas)  +  CgHsBr  (gas)-* 
-*■  NaBr  (gas)  +  CgHe  (gas)  +  16,7  kcal/  mole  [16],  and  from  data  for  AH  ^*  of  all  the  other  components  [17,18], 
it  is  possible  to  determine  AH^*  (CgHs,  gas)  =  68.1  kcal/mole  (according  to  Szwarc  [19],  72  kcal/mole).  Since 
AH4*  (COj)  =  —94.1  kcal/mole  and  AH^*  (CHs*)  =  32,0  kcal/mole  [17],  then  6^46  =  61  kcal/mole. 
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(17) 


CH/:oo, 


CH.COOv 


(17) 


is  opposed  by  the  fact  that  ni-toluyl  acetate,  designated  as  Pj  here,  must  be  much  more  stable  thermally  than 
MAS  (see  data  on  phenyl  acetate  [3]),  which  contradicts  Eq,  (11), 

Decarboxylation  of  labeled  acetoxy  of  J^*S,  The  evolution  of  labeled  evidently  proceeds  in 

two  stages: 

2MA*S  ((:n3C*()).;()  +  Pa.  (18a) 

(P.I^C^OlaO  (CIl3)2C*0  (  (:•«»,..  (18b) 

This  is  indicated  by  the  following  facts.  1)  The  synthesis  of  MAS,  i,e.,  a  reaction  analogous  to  the  reverse 
reaction  (18a),  is  an  equilibrium  reaction  according  to  literature  [20]  and  our  data;  2)  methyl  salicylate  and 
labeled  acetic  anhydride  were  detected  among  the  pyrolysis  products  of  MA*S  and  it  was  shown  that  the  acetic 
anhydride  was  formed  from  the  two  labeled  acetoxy  groups  of  MA*S;  3)  the  acetic  anhydride  appeared  during  the 
pyrolysis  even  at  t  ^  240*  and  the  C*Oj  only  at  280*;  4)  at  280-300*  acetic  anhydride  rapidly  decomposes  to 
COj  and  acetone,  and  gives  tars;  the  same  substances  were  detected  in  the  pyrolysis  products  of  MA*S, 

As  Fig,  3  shows,  the  rate  of  C'Oj  evolution  falls  with  time.  This  cannot  be  explained  by  exhaustion  of  the 
MA  •  S  since  the  decomposition  fraction  X7  did  not  exceed  3%  in  the  experiments.  The  constants  of  the  initial 
rates  of  C*02  evolution,  calculated  from  the  slope  of  the  initial  tangents  to  the  curves  by  the  equation 
d[C*02]/dT  =  ksfMA^S]*  were  found  to  equal  ks  =  1,28  •  10“^  at  280*,  ks  =  2.43  •  lO”^  at  300*,  and  ka  =  1,05»10 
liters  •  mole"^  •  sec"^  at  320*,  Here,  the  lag  of  the  curve  behind  the  line  (Fig,  3)  for  each  of  the  temperatures 
(especially  in  the  initial  section)  was  approximately  proportional  to  the  value  Xg  (Fig,  2),  i.e,,  the  concentration 
of  the  products  of  the  parallel  reactions.  However,  for  different  temperatures  this  proportionality  was  different. 
Thus,  for  example,  at  320*  there  was  approximately  1  unit  of  lag  for  each  unit  of  Xg,  while  at  280*  there  were  5 
units. 


The  characteristic  of  the  C  •  Oj  evolution  process  presented  may  be  explained  if  it  is  assumed  that  as  the 
products  of  Reactions  (10)  and  (11)  are  liberated,  the  labeled  acetic  anhydride  combines  with  one  of  them  in  some 
sort  of  difficultly  decarboxylatable  compound  [hence  the  fall  in  the  rate  of  reaction  (18)  with  time;  see  Fig,  3]; 
at  a  liigher  temperature ,  this  compound  is  either  decarboxylated  more  easily  or  is  formed  in  lower  concentration 
(hence  the  difference  in  the  proportionality  mentioned  in  going  from  280  to  300  and  to  320*).  On  the  graph  of 
Ig  ka  =  /(1/T)  ,  the  points  lie  with  a  certain  bulge  toward  the  1/  T  axis.  This  may  indicate  that,  in  addition  to 
Reactlon(18),  there  may  be  another  route  for  the  evolution  of  C'Oj  which  has  a  similar  rate  but  a  higher  activd- 
tion  energy;  at  lower  temperatures,Route  (18)  predominates,  and,  at  higher  temperatures,  this  other  process  also 
starts  to  participate. 

From  the  ratios  of  kg/kj  at  320,  300,  and  280*  (respectively  equal  to  7,31, 3,63,  and  4.15),  we  obtained  the 
values  2.2,  1,5,  and  1,7  kcal/ mole  (average  AEa  =  1.8  kcal/mole)  for  the  difference  in  the  activation  energy 
AEg  =  (Ea)^—  (Ea)jga;  the  preexponential  factors  were  taken  as  equal  due  to  the  similarity  of  the  reactions  and 
the  structures  of  the  two  groups.  Hence,  the  activation  energy  of  (18a)  equals  44  —  2  =  42  kcal/  mole. 

An  evaluation  of  the  difference  in  the  dissociation  energies  in  reactions  (10)  and  (18a): 

AD  =  [D  (Caryl  “  Ccarboxyl)”  D(CH3  —  Ccarboxyl)]  + 

+  [D(CH3—  Ogster^”  f^(^aryl~  Oester^J 

and,  according  to  the  empirical  formula  of  Hlrschfelder  [21]:  Ea  =  0.25  [D(A  —  B)  +  D(C  —  D)]  for  an  exothermal 
bimolecular  reaction  of  the  type  AB  +  CD  -♦  AC  +  BD,  gives  AD  =  6.5  kcal/  mole,  with  the  larger  part  of  it  aris¬ 
ing  apparently  from  the  first  difference  in  the  square  brackets,  since  the  links  of  the  aryl  and  CH3  with  the  car¬ 
boxyl  are  very  different,  There  are  no  data  in  the  literature  which  make  it  possible  to  check  this  value  or  its  distri¬ 
bution  between  the  two  components,  but  its  order  is  correct. 
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SUMMARY 


1.  By  means  of  the  carbon  isotope  Introduced  into  the  acetoxy  group,  we  studied  the  kinetics  and 
mechanism  of  the  homogeneous  thermal  decarboxylation  of  methyl  acetylsalicylate  (MAS)  In  a  melt  at  280  ,  300, 
and  320*.  The  use  of  the  Isotope  made  it  posslu.e  to  observe  separately  the  rates  of  the  simultaneous  evolution  of 
CO|  from  the  two  carboxyl  groups  of  this  compound. 

2,  The  evolution  of  CO|  from  the  methyl  carboxyl  group  proceeded  autocatalytlcally.  The  initial  non- 
catalytic  reaction  proceeded  with  an  activation  energy  of  44  kcal/  mole.  The  autocatalytlc  stage  proceeded  be¬ 
tween  the  MAS  and  the  products  of  the  first  reaction  with  an  activation  energy  of  38  kcal/  mole.  The  kinetic 
curves  calculated  on  the  basis  of  these  hypotheses  agreed  with  experiment.  Chain,  radical,  and  ionic  mechanism 
were  excluded. 

3,  The  evolution  of  C*0|  from  the  acetoxy  group  proceeded  in  two  stages:  first,  two  molecules  of  MAS 
formed  acetic  anhydride,  which  then  decomposed  to  COj  and  acetone.  This  reacticm  was  slowed  by  the  decom¬ 
position  products  of  MAS. 

4.  From  the  ratio  of  the  initial  rate  constants  of  C*P|  and  COi  evolution,  we  calculated  the  difference  in 
the  activation  energies  of  the  two  reactions  as  equal  to  1.8  kcal/  mole.  This  difference  was  mainly  caused  by 
the  difference  in  the  bond  strengths  of  the  two  carboxyl  groups  with  the  aryl  and  methyl  groups  of  the  MAS  mole¬ 
cule. 
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It  was  established  [1]  that,  under  the  action  of  aluminum  chloride,  methylcyclohexane  was  hardly  changed, 
while  under  these  conditions,  ethylcyclohexaue  was  Isomerlzed  Into  dlmethylcyclohexanes.  Even  earlier,  Strat¬ 
ford  [2]  came  to  the  same  conclusion,  and  he  showed  that  In  the  action  of  various  amounts  of  aluminum  chloride 
on  ethylcyclohexane  In  the  presence  of  hydrogen  chloride,  the  main  reaction  product  was  1 ,3-dimethylcyclohex- 
ane.  Thus,  the  action  of  aluminum  chloride  on  ethylcyclohexane  Is  limited  only  to  rupture  of  the  radical  and  re- 
anangement  of  its  residue.  Among  the  Isomerization  products  of  methylcyclohexane  on  a  nickel— aluminosilicate 
catalyst  at  286*  under  a  hydrogen  pressure  of  24,8  atm,  Clilapetta  [3]  detected  the  presence  of  n-butane,  heptane, 
1,1-,  1,2-,  and  1 ,3-dlmethylcyclopentanes  and  ethylcyclopentane.  On  the  same  catalyst  at  286  ,  317,  343,  and 
372* ,  ethylcyclohexane  was  Isomerlzed  mainly  into  1,1-  and  1,2-dimethylcyclohexanes,  Cyclopentane,  and  meth¬ 
ane  (from  ethane  to  octane)  and  aromatic  hydrocarbons  were  also  found  in  considerably  smaller  amounts. 

We  previously  showed  [4]  that  on  gumbrln ,  methylcyclohexane  was  Isomerlzed  into  1,2-  and  1,3-dimethyl- 
cyclopentanes,  which  was  not  observed  under  the  action  of  aluminum  chloride.  It  seemed  Interesting  to  check 
whether  this  difference  occurred  In  the  action  of  aluminum  chloride  and  that  of  gumbrln  on  ethylcyclohexane 
at  temperatures  below  250*,* 

The  data  of  the  present  work  indicate  that  gumbrln  has  a  stronger  isomerizlng  action  on  ethylcyclohexane 
than  on  methylcyclohexane.  The  isomerization  of  ethylcyclohexane  (like  that  of  other  naphthenes)  is  character¬ 
ized  first  of  all  by  conversion  of  the  six-membered  ring  into  a  flve-membered  one,  with  subsequent  rupture  of  the 
radical  and  Intermolecular  conversion  of  its  residue.  From  the  Isomerization  products  of  ethylcyclohexane  it  was 
possible  to  isolate  mainly  cyclopentane  derivatives,  namely,  1,2-methylethylcyclopentane  (els-  and  trans-), 
1,2,3-trlmethylcyclopentane  (cis-cis-trans-),  and  1,2,4-trimethylcyclopentane  (cis-cis-trans-);  the  reaction  prod¬ 
ucts  also  contained  dlmethylcyclohexanes  of  undetermined  structure,  boiling  in  the  range  119-124*.  The  degree 
of  conversion  of  ethylcyclohexane  on  gurnbrin  at  250*  reached  49-50*70,  and  cyclopentane  hydrocarbons  repre¬ 
sented  32-33‘7>  of  the  products  and  cyclohexane  hydrocarbons,  16-17*70,  On  the  basis  of  the  results  obtained,  the 
following  isomerization  scheme  can  be  proposed; 


*The  isomerization  of  hydrocarbons  on  natural  aluminosilicon  catalysts  is  of  interest  in  connection  with  the  prob¬ 
lem  of  the  conversion  of  petroleum  in  nature,  and  since  the  Isostasy  theory  allows  temperatures  of  not  higher  tlian 
250*,  this  temperature  was  the  limit  at  which  experiments  were  performed. 
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EXPERIMENTAL 

The  starting  ethylcyclohexane,  prepared  by  hydrogenation  of  ethylbenzene,  had  the  following  constants. 

B.p.  132.2*,  d*“4  0.7879,  n^D  1.4329.  Uterature  data  [5]:  b.p.  131.78*,  d*®^  0.7879,  n“D  1.4330. 

A  qualitative  reaction  did  not  reveal  the  presence  of  aromatic  hydrocarbons  In  the  product  obtained.  The 
catalyst  was  gumbrln  activated  with  \0°]o  hydrochloric  acid.  The  first  experiment  was  canled  out  In  a  flask  with 
a  reflux  condenser  at  the  boiling  point  of  ethylcyclohexane  with  equal-weight  amounts  of  hydrocarbon  and  catalyst. 
Equilibrium  (arbitrary)  was  considered  reached  when  the  refractive  Index  of  the  liquid,  which  was  measured  after 
each  5  hr  heating,  did  not  change  further.  Experiment  showed  that  at  this  temperature  the  Isomerization  pro¬ 
ceeded  very  slowly  and  after  15  hr  heating  the  refractive  Index  had  only  changed  to  1.4319 1  therefore.  In  subse¬ 
quent  experiments,  which  were  canled  out  In  an  autoclave  at  high  pressure,  the  reaction  temperature  was  Increased. 
The  refractive  Index  changed  after  18  hr  heating  at  the  corresponding  temperature  In  the  following  way:  175*  — 
1.4311,  200*—  1.4295,  225*— 1.4275,  and  250*—  1.4250.  No  gaseous  products  were  observed.  After  the  experiment, 
the  Isomerization  product  was  separated  from  the  catalyst  and  Its  aromatic  hydrocarbon  content  determined  by  the 
aniline  method:  this  varied  over  the  range  0.60- 0.9 1*5^?,  depending  on  the  experimental  temperature.  After  removal 
of  the  aromatic  hydrocarbons  by  four  distillations  on  a  column  with  an  efficiency  of  18  theoretical  plates,  the  prod¬ 
uct  was  separated  Into  narrow  fractions,  depending  on  the  boiling  points  of  the  hydrocarbons  whose  formation  was 
expected.  The  following  fractions  were  obtained: 

1st  B.p.  to  104°,  d*®4  0.7602,  n*®D  1.4140,  1.3  gj  due  to  the  small  amount,  this  was  not  examined  In  detail. 

2nd  B.p.  104-110.7*,  d*®4  0.7575,  n*®D  1.4150,  4,7  g,—  1,2,3-trlmethylcyclopentane  (cls-trans-cls-)  (litera¬ 
ture  data  [6]:  b,p.  110.4*,  d*®^  0.7535,  n*®D  1.4144).  The  high  specific  gravity  of  the  fraction  may  be  explained 
by  the  presence  of  some  components  present  In  the  1st  fraction. 

3rd  B4).  110.7-112.7*,  d*®^  0.7608,  n*®D  1.4162, 1.5  g  was  a  mixture  of  the  2nd  and  4th  fractions. 

4th  B.p.  112,7-117.5*,  d*®^  0.7636,  n*®D  1.4190,  3,7  g—  the  constants  of  this  fraction  agree  well  with  those 
of  1,2,4-trlmethylcyclopentane  (cls-cls-ttans-)  (literature  data  [7]:  b.p,  116.7*,  d*®4  0.7635,  n*®D  1.4186). 

5th  B.p.  117.5-119.7*,  d*®4  0.7701,  n*®D  1.4211,  9,5  g—  this  was  1,2,3-trlmethylcyclopentane  (cls-cls-trans-) 
(literature  data  [8]:  b.p.  117.r,  d*®4  0.7704,  n*®D  1.4219). 

6th  B.p.  119.7-121.2*,  d*®4  0.7763,  n”D  1.4234,  15.9  g. 

7th  B.p.  121.2-123.0*,  d*®4  0.7771,  n*®D  1.4238,  12.7  g. 

8th  B.p,  123-127,5*,  d*®4  0,7850,  n*®D  1,4266,  11.4  g.  In  the  last  three  fractions  one  might  expect  the  pres¬ 
ence  of  l-methyl-3-methylcyclopentane  (els-),  l-methyl-3-ethylcyclopentane  (trans-),  1- methyl- 2-ethylcyclo- 
pentane  (els-)  and  1,2,3-trlmethylcyclopentane  (cls-cls-cls-);  however,  the  constants  obtained  do  not  agree  with 
the  constants  of  these  hydrocarbons,  which  may  be  explained  by  the  presence  of  various  Isomers  of  dlmethylcyclo- 
hexane.  In  order  to  satisfy  ourselves  on  this  point,  we  combined  the  6th,  7th,  and  8th  fractions  and  dehydrogenated 
them  by  Zelinskll*s  method  over  a  nickel- aluminum  catalyst.  After  removal  of  the  aromatic  hydrocarbons,  we 
obtained  14  g  of  a  product,  which  conesponded  In  constants  to  1- methyl- 2- ethylcyclopentane  (trans-):  b.p,  120 
to  122*,  d“4  0.7687,  n"D  1.4214  (Uterature  data  [9]:  b.p.  121.2*,  d*®4  0.7690,  n*®D  1.4119). 

9th  B.p.  127,5-130*,  d*®4  0,7848,  n*®D  1,4287,  7,3  g  was  similar  In  constants  to  1- methyl- 2- ethylcyclopent¬ 
ane  (els-)  (literature  data  [10]:  b,p.  128*,  d*®4  0,7852,  n  ®D  1.4293),  That  the  9th  fraction  was  Identical  with 
1- methyl- 2-ethylcyclopentane  (els-)  was  also  confirmed  by  the  Raman  spectrum  [11]:  343(4),  748(8),  789(2), 
831(3),  1036(8),  1090(4),  1161(3),  1258(3),  1444(10),  The  Intensities  of  the  lines  were  evaluated  visually  accord¬ 
ing  to  a  scale  of  ten, 

SUMMARY 

1,  A  study  was  made  of  the  Isomerization  of  ethylcyclohexane  on  gumbrln  at  132,  175,  200,  225,  and  250*. 
It  was  shown  that  under  these  conditions  ethylcyclohexane  was  Isomerlzed  predominantly  Into  cyclopentane  hydro¬ 
carbons. 

2,  1,2-Methylethylcyclopentane  (cis-),  1,2-methylethylcyclopentane  (trans-),  1,2,3-trimethylcyclopent- 
ane  (cls-cls-trans-),  and  1,2,4-trlmethylcyclopentane  (cls-cls-trans-)  were  Isolated. 
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Mercury  is  one  of  the  few  metals,  whose  chemistry  is  equally  broadly  represented  by  compounds  of  organic 
and  inorganic  origin.  This  peculiarity  of  mercury  is  caused  by  the  predominantly  covalent  character  of  the  bonds 
in  its  compounds,  which  is,  to  some  extent,  independent  of  its  valence.  In  the  inorganic  chemistry  of  mercury, 
the  latter  circumstance  appears  as  the  possibility  of  the  direct  addition  of  oxidants  to  salts  of  monovalent  mercury, 
without  touching  the  previously  available  anions;  by  the  direct  action  of  halogens, Indian  scientists  in  the  1920*s 
obtained  mixed  salts  of  the  type  HgjYnXjnt  where  X  is  a  halogen  and  Y  a  halogen  of  another  sort,  or  a  nitric  or 
sulfuric  acid  residue  [1,2]. 

The  present  work  is  devoted  to  an  investigation  of  the  interaction  products  of  mercurous  acetate  and  carbon¬ 
ate  with  halogens.  Investigations  in  this  field  seem  extremely  promising  to  us,  as  by  varying  the  oxidant  it  is 
possible  to  obtain  a  whole  series  of  compounds  from  the  same  starting  material,  considerably  extending  the  chem¬ 
istry  of  mercury,  and  creating  the  possibility  of  synthesizing  substances  with  previously  set  properties. 

Interaction  of  Mercury  Carbonate  with  Halogens 

The  action  of  gaseous  chlorine  on  mercury  carbonate  powder  in  an  alcohol  medium  quite  rapidly  (over  a 
period  of  1  hour)  led  to  solution  of  the  substance.  Evaporation  of  the  solution  liberated  yellowish  white  crystals, 
which  dissolved  in  water  and  acids  on  heating,  liberated  mercury  oxide  in  alkalis,  and  did  not  dissolve  in  the  usual 
organic  solvents.  The  density  of  this  substance  was  4.98  g/ml,  and  the  refractive  indices  (np)  equalled:  np  1.740, 
n^^  1.821,  and  ng  1.918. 

These  properties  distinguish  our  compound  from  both  the  original  carbonate  and  mercuric  chloride,  which 
could  have  been  formed  by  a  replacement  reaction.  Actually,  Hg^COs  is  quite  insoluble  in  water,  and  has  (accord¬ 
ing  to  our  measurements),  a  specific  gravity  of  8.73  and  refractive  indices  above  2.00.  Mercuric  chloride  is  read¬ 
ily  soluble  in  cold  water,  alcohol,  and  ether,  and  has  a  density  of  5.44  and  refractive  indices  of  np  1.725,  nm  1.859, 
and  ng  1,969.  Comparison  of  the  properties  showed  that  we  were  dealing  with  a  new  compound  of  mercury. 

To  determine  the  composition,  we  analyzed  for  mercury  by  the  sulfide  method,  for  chlorine  ion  by  pre¬ 
cipitation  as  AgCl,  and  for  carbonate  ion  by  precipitation  as  BaCOs.  The  analysis  results  were  as  follows. 

Found  %  Hg  67.9;  Cl  24.2;  COj  8.3.  HgjCOjCl4. 

Calculated  ^  Hg  66,5;  Cl  23.5;  CO3  10. 

Certain  differences  in  the  results  of  our  analyses  in  this  and  in  all  the  other  cases  were  caused  by  the  im¬ 
purity  of  the  starting  mercury  carbonate ,  whose  carbonate  content  never  exceeded  90%  of  the  theoretical  value  [3]. 

For  a  conclusive  solution  to  the  problem,  we  made  an  x-ray  investigation  of  the  compound  we  obtained, 
and  also  of  the  original  mercury  carbonate,  on  which  there  is  no  data  in  the  literature.  Table  1  compares  the 
interplanar  distances  of  mercury  carbonate,  chloride,  and  chlorocarbonate  [4],  The  pictures  were  taken  on  an 
RKU  camera  (86  mm  diameter)  with  copper  radiation  and  an  exposure  time  of  25  hours. 
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TABLE  1 

Interplanar  Distances  in  Mercury  Carbonate,  Chloride,  and  Chiorocarbonate 


HgjCOjCU 

HgCl, 

HgiCO, 

intensity 

d/n 

intensity 

d/  n 

intensity 

d/  n 

intensity 

d/  n 

intensity 

d/  n 

weak 

4.515 

V  .strong 

4.35 

weak 

6.581 

average 

1.362 

average 

0.9377 

average 

3.003 

average 

4.10 

V.  weak 

4.339 

V.  weak 

1.335 

weak 

0.9324 

weak 

2.707 

average 

3.40 

average 

3.682 

strong 

1.320 

average 

0.9175 

weak 

2.438 

weak 

3.20 

V. strong 

3.297 

weak  . 

1.284 

average 

0.9051 

weak 

2.074 

strong 

3.00 

weak 

2.778 

V.  strong 

1.244 

average 

0.8952 

average 

1.431 

strong 

2.70 

weak 

2.721 

V,  weak 

1.207 

weak 

0.8615 

weak 

1.361 

average 

2.41 

strong 

2.462 

average 

1.193 

V,  weak 

0.8522 

average 

1.325 

V.  weak 

2.18 

V.  weak 

2.571 

average 

1.166 

weak 

0.8499 

weak 

1.265 

average 

2.12 

V.  weak 

2.360 

weak 

1.152 

V.  weak 

0.8440 

average 

2.06 

strong 

2.201 

weak 

1.139 

weak 

0.8423 

strong 

2.00 

V,  weak 

2.131 

V.  weak 

1.111 

weak 

0.8302 

average 

1.94 

V,  weak 

2.047 

weak 

1.103 

average 

0.8290 

weak 

1.90 

strong 

1.892 

V.  weak 

1.083 

V.  weak 

0.8172 

weak 

1.79 

V.  weak 

1.848 

strong 

1.075 

weak 

0.8138 

weak 

1.67 

average 

1.726 

average 

1.055 

strong 

0.8093 

weak 

1.62 

V,  weak 

1.686 

weak 

1.027 

average 

0.8061 

weak 

1.59 

average 

1.645 

average 

1.017 

average 

0.7952 

weak 

1.54 

weak 

1.610 

average 

1.009 

weak 

0.7933 

weak 

1.455 

weak 

1.535 

V.  weak 

0.9892 

strong 

0.7869 

weak 

1.400 

V.  weak 

1.459 

weak 

0.9736 

average 

0.7849 

weak 

1.340 

average 

1.418 

weak 

0.9608 

1 

Table  1  shows  that  the  x-ray  picture  of  our  compound  had  a  definite  specificity,  although  some  lines  were 
quite  close  to  those  of  the  corresponding  interplanar  distances  in  mercuric  chloride.  The  latter  is  quite  under¬ 
standable  since  the  composition  of  our  compound  was,  in  general,  close  to  that  of  HgClj;  the  position  is  similar, 
for  example,  in  the  x-ray  pictures  of  mercury  sulfate  and  phosphate  and  other  mercury  compounds.  The  essential 
fact  is  that  even  when  the  numerical  values  of  the  x-ray  lines  were  similar,  their  Intensities  differed  sharply.  All 
that  has  been  said  above  Indicated  the  individuality  of  the  compound  we  synthesized. 

At  first  glance,  it  seemed  as  if  the  composition  of  the  mercury  chiorocarbonate  we  obtained  did  not  corre¬ 
spond  to  the  mercury  being  in  the  divalent  state.  However,  in  the  opinion  of  Naik  and  Avasare  [1,2],  who  ob¬ 
tained  analogous  compounds  by  the  halogenatlon  of  mercurous  nitrate,  this  composition  should  be  treated  as  per- 
halides  (similar  to  KIs).  In  this  connection,  it  seemed  interesting  to  compare  the  molecular  volume  of  the  com¬ 
pound  we  obtained  with  that  of  the  original  carbonate  in  order  to  determine  the  volume  increment  of  chlorine  in 
this  substance. 

The  molecular  volume  of  HgjCOs  equals  52.8  ml/  mole,  and  of  Hg2CC)sCl4,  121.1  ml/  mole.  Hence,  one 
chlorine  atom  has  17  ml/  mole.  According  to  the  data  of  Blitz  [5],  the  volume  of  covalently  bound  chlorine  equals 
16,5  ml/  mole,  and  that  of  ionic  chlorine,  20  ml/ mole.  Consequently,  an  atom  of  chlorine  in  our  compound  has 
predominantly  covalent  bonds,  which  confirms  the  idea  of  the  perhalide  structure  of  this  substance. 

The  molecular  refraction  of  mercury  chiorocarbonate  equals  53,0  ml/  mole.  The  total  of  the  ionic  refrac¬ 
tions  [6]  equals  59,6  ml/ mole,  and  that  of  the  atomic  refractions  [7,8],  58,5  ml/  mole.  If  it  is  assumed  that  the 
compound  contains  mercury  and  carbonate  ions  and  CI2”  radicals  (i.e,,  the  combination  of  an  ion  and  an  atom  of 
chlorine),  then  the  calculated  value  of  the  refraction  becomes  equal  to  53,1  ml/  mole. 

Thus,  refractometric  data  also  confirm  the  hypothesis  given  above. 

Mercury  carbonate  powder  placed  in  an  alcohol  solution  of  bromine  dissolved  in  a  few  minutes.  Evaporation 
of  the  solution  gave  light  brown  crystals,  which  had  a  density  of  5,94  g/  ml  and  were  insoluble  in  both  water  and 
organic  liquids.  The  only  acid  they  dissolved  in  was  aqua  regia  and  in  alkalies  they  gave  mercury  oxide.  The 
crystals  were  anisotropic  and  biaxial,  but  due  to  cleavage  cracks  it  was  only  possible  to  determine  two  refractive 
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TABLE  2 


TABLE  3 


Interplanar  Distances  of  Mercury  Bromide  Interplanar  Distances  of  Mercury  Iodide  and 


and  Bromocarbonate 

HgjCOjBrs 

HgBr*  [12] 

lodocarbonate 

HgjCOjI^ 

Hgl4 

Intensity 

d/  n 

intensity 

d/  n 

intensity 

d/  n 

intensity 

d/  n 

average 

7.49 

strong 

6.2 

weak 

6.564 

average 

6.192 

average 

6.12 

weak 

4.31 

weak 

4.291 

average 

4.116 

v.  weak 

2.660 

strong 

3.72 

average 

3.642 

average 

3.563 

aver/  weak 

2.312 

weak 

2.96 

weak 

3.492 

weak 

3.006 

v.  weak 

2.176 

weak 

2.51 

weak 

3.050 

aver/  weak 

2.756 

strong/  aver 

2.068 

average 

2.31 

V.  weak 

2.806 

V.  weak 

2.523 

v.  weak 

1.993 

aver/weak 

2.17 

V.  weak 

2.586 

strong 

2.183 

weak 

1.960 

weak 

2.08 

strong 

2.205 

V.  weak 

2.063 

v.  weak 

1.916 

average 

2.03 

average 

2.077 

weak 

1.925 

v.  weak 

1.879 

aver/weak 

1.93 

weak 

2.017 

aver/weak 

1.863 

aver/weak 

1.715 

weak 

1.88 

average 

1.938 

V.  weak 

1.763 

v.  weak 

1.672 

weak 

1.83 

average 

1.869 

V.  weak 

1.647 

strong 

1.554 

aver/weak 

1.70 

weak 

1.724 

weak 

1.541 

V.  weak 

1.538 

weak 

1.63 

weak 

1.652 

V.  weak 

1.499 

V.  weak 

1.471 

aver/weak 

1.55 

weak 

1.604 

V.  weak 

1.454 

weak 

1.445 

weak 

1.490 

weak 

1.505 

V.  weak 

1.416 

V.  weak 

1.362 

weak 

1.451 

weak 

1.426 

V.  weak 

1.375 

aver/weak 

1.293 

weak 

1.362 

V.  weak 

1.376 

V.  weak 

1.343 

weak 

1.238 

weak 

1.290 

weak 

1.321 

V.  weak 

1.313 

V.  weak 

1.229 

weak 

1.250 

average 

1.268 

weak 

1.260 

weak 

1.105 

V.  weak 

1.219 

V.  weak 

1.236 

weak 

1.079 

weak 

1.155 

V.  weak 

1.216 

weak 

1.067 

weak 

1.125 

V.  weak 

1.188 

weak 

1.098 

V.  weak 

1.156 

V.  weak 

1.125 

V.  weak 

1.089 

V.  weak 

1.045 

indices:  np  1.864  and  ng  >  2.00.  These  properties  distinguish  the  compound  obtained  from  the  original  carbon¬ 
ate  and  from  mercuric  bromide,  which  had  a  density  of  6.05  g/  ml  and,  in  addition,  is  readily  soluble  in  hot  water 
and  in  alcohol. 

In  this  case,  analysis  for  mercury  involved  great  difficulties,  since  the  salt  dissolved  in  aqua  regia  liberated 
mercuric  chloride  when  heated.  Since  our  compound  was  insoluble  in  any  other  solvent,  analysis  by  classical 
methods  was  impossible. 

The  only  analysis  method  consisted  of  treating  the  salt  with  a  solution  of  concentrated  alkali,  which  liber¬ 
ated  mercury  oxide.  After  neutralization,  the  filtrate  was  treated  with  hydrogen  sulftde,  and  the  rest  of  the  mer¬ 
cury  was  precipitated  as  the  sulfide.  The  results  of  the  analysis  are  as  follows. 

Found  °la>.  Hg  46.2;  Br  45.3.  HgzCOsBrs. 

Calculated  °hi  Hg  46.6;  Br  46.4 

As  previously,  the  discrepancy  between  calculations  and  experiment  lay  within  the  limits  of  the  Impurity 
of  the  starting  material.  The  density  of  the  mercury  bromocarbonate  was  5.94  g/  ml. 

We  also  made  an  x-ray  examination  of  the  compound  synthesized  with  copper  radiation  in  an  RKU  camera 
with  an  exposure  of  40  hours.  The  results  are  presented  in  Table  2,  where  the  interplanar  spacings  of  mercuric 
bromide  from  Kitaigorodskii's  data  [4]  are  also  given  for  comparison. 
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TABLE  4 


Interplanar  Distances  in  Mercury  Acetate  and  Acetatohalides 


HgifCHjCOO),  [4] 

Hg,(CHjCOO)iCl4 

HfefCHjCOOljBrB 

Hgi(CH3C<X))jl4 

Intensity 

d/  n 

intensity 

d/n 

Intensity 

d/  n 

intensity 

d/n 

strong 

13,0 

weak 

5,40 

weak 

7.05 

weak 

4.62 

strong 

11,5 

weak 

4.78 

weak 

6.44 

average 

4.217 

average 

3,86 

weak 

3.589 

weak 

2.342 

average 

3.627 

weak 

3.49 

weak 

3.396 

weak 

2.189 

V.  weak 

3.409 

weak 

3,00 

average 

3.134 

weak 

2.059 

average 

3.033 

V,  weak 

2.90 

strong 

2.847 

weak 

1.560 

weak 

2.830 

V.  weak 

2.81 

weak 

2.531 

weak 

1.291 

V,  weak 

2.548 

V,  weak 

2.61 

weak 

2.451 

average 

2.458 

v,  weak 

2.52 

weak 

2.205 

weak 

2.327 

V.  weak 

2.42 

weak 

2.111 

average 

2.191 

V.  weak 

2.36 

strong 

2,069 

average 

2.117 

V,  weak 

2.24 

weak 

2.003 

weak 

2.028 

V.  weak 

2.12 

weak 

1.960 

V.  weak 

1.954 

V,  weak 

2.01 

weak 

1.844 

average 

1.898 

V.  weak 

1,93 

weak 

1.631 

weak 

1.787 

V,  weak 

1.88 

weak 

1.569 

weak 

1.744 

V,  weak 

1.85 

strong 

1.554 

weak 

1.661 

V.  weak 

1.81 

V.  weak 

1.618 

v,  weak 

1.78 

weak 

1.598 

V.  weak 

1.66 

average 

1.569 

v,  weak 

1.62 

av/ weak 

1.525 

V.  weak 

1.60 

weak 

1.484 

V,  weak 

1.55 

weak 

1.386 

average 

1.322 

average 

1.271 

The  character  of  the  chemical  structure  of  mercury  bromocarbonate  was  the  same  as  that  of  the  correspond¬ 
ing  chloride  salt,  l.e.,  this  compound  was  also  a  perhallde.  Data  on  the  molecular  volumes  may  be  used  to  illus¬ 
trate  this  hypothesis.  The  molecular  volume  of  Hg2CC)sBrg  equals  144,9  ml/  mole.  As  has  already  been  said,  mer¬ 
curous  carbonate  has  a  molar  volume  of  52,8  ml/ mole.  Hence,  each  bromine  atom  occupies  18,4  ml/  mole, 
which  is  close  to  the  atomic  volume  of  covalently  bound  bromine,  19,2  ml/  mole,  and  differs  considerably  from 
the  ionic  volume  Increment  of  bromine,  25  ml/  mole  [5], 

Generally  speaking,  an  alcohol  solution  of  iodine  required  quite  a  long  time  to  dissolve  mercurous  carbon¬ 
ate,  and  from  the  solution  it  was  possible  to  isolate  red  crystals  of  mercury  iodocarbonate.  However,  this  salt 
could  be  obtained  more  simply  by  careful  fusion  of  HgjCOs  with  Iodine,  The  compound  obtained  was  not  soluble 
In  any  medium  apart  from  aqua  regia,  and  had  a  specific  gravity  of  6,42  g/  ml. 

Mercuric  Iodide  has  a  density  of  6.28  g/  ml  and  is  quite  noticeably  soluble  In  anhydrous  ethyl  alcohol  (even 
more  so  In  methanol),  and  also  in  acetone  and  carbon  disulfide.  Consequently,  the  product  from  the  Interaction 
of  mercury  carbonate  with  iodine  was  a  new  compound. 

Found  ‘fe  Hg  43,7;  I  49,5,  HgjCOjI^, 

Calculated  °hr.  Hg  41,4;  I  52,4, 

The  deviation  of  the  analysis  results  from  the  stoichiometric  formula,  which  was  caused  by  the  fact  that 
washing  out  the  excess  iodine  (with  benzene  or  alcohol)  unavoidably  also  washed  out  a  certain  amount  of  "proper" 
Iodine,  This  occurrence,  which  also  appears,  though  to  a  lesser  extent.  In  the  case  of  the  chloride  and  bromide 
salts,  is  a  further  Indication  of  the  perhallde  structure  of  the  compounds  we  synthesized. 
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The  results  of  an  x-ray  examination  of  mercury  lodocarbonate,  made  with  copper  radiation  in  an  RKU 
camera  with  an  exposure  of  50  liours,  are  compared  with  literature  data  for  mercuric  iodide  [4]  in  Table  3, 

Table  3  shows  that  the  x-ray  picture  of  the  lodocarbonate  differs  from  that  of  mercuric  iodide  both  in  the 
numerical  values  of  the  lines  (particularly  the  first),  and  in  the  intensities  where  the  absolute  dimensions  of  the 
Intcrplanar  distances  are  similar. 

One  can  hardly  expect  a  fundamental  difference  in  the  x-ray  pictures  of  Hglj  and  HgjCOsI^,  since  the  com¬ 
positions  of  these  compounds  differ  by  only  a  few  percent  ,  namely  by  the  weight  of  the  COj  radical.  Here,  the 
difference  in  the  intensities  of  similar  lines  is  much  more  important,  and  this  indicates  that  while  the  interplanar 
distances  in  the  main  structural  motif  of  Hglj  are  retained,  new  atomic  groupings  (COs)  appear,  and  these  change 
the  ratio  of  the  intensities  of  the  reflections  from  these  atomic  lattices. 

The  molecular  volume  of  mercury  lodocarbonate  equals  150,9  ml/ mole.  Hence,  one  iodine  atom  occupies 
V4  *(150,9  —  52,8)  =  24.5  ml/  mole,  while,  according  to  Blitz  [5],  the  atomic  volume  of  iodine  equals  24,3  and 
the  Ionic  Increment  34  ml/  mole.  Consequently,  the  nature  of  the  chemical  bond  in  the  lodocarbonate  is  the 
same  as  in  the  chlorine  and  bromine  compounds. 

Before  concluding  the  description  of  the  syntheses  and  properties  of  the  halocarbonates,  we  should  have 
another  look  at  the  composition  of  the  bromine  salt.  Its  composition  is  less  symmetrical  than  that  of  the  chloro- 
and  lodocarbonates.  We  therefore  carried  out  the  synthesis  several  times  so  as  to  exclude  the  possibility  of  random 
errors.  However,  as  a  result  of  all  experiments,  we  always  obtained  a  salt  with  five  atoms  of  bromine.  Thus,  it 
can  be  stated  that  bromine  gives  compounds  more  enriched  in  halogen  than  either  chlorine  or  iodine.  A  compari¬ 
son  with  the  results  of  Nalk  and  Avasare's  Investigations  [1,2]  shows  that  the  peculiarity  of  bromine  also  appears 
in  its  interaction  with  mercury  sulfate,  where  chlorine  and  iodine  give  compounds  of  the  composition  HgjSOsXj, 
and  bromine  Br4,  respectively.  Below  it  will  be  shown  that  the  acetatobromlde  also  has  the  same  composition  in 
contrast  to  the  chlorine  and  iodine  salts.  It  is  difficult  to  give  an  explanation  of  this  behavior  of  bromine  as  yet, 
though  undoubtedly  it  will  be  connected  with  geometric  factors,  which  determine  the  packing  density  of  the  atoms 
in  the  crystal  structure, 

I nteraction  of  Mercury  Acetate  with  Halogens 

The  acetatohalogen  salts  of  mercury  were  synthesized  and  analyzed  by  the  same  methods  as  the  halocarbon- 
ate  compounds.  We  will  not  describe  them,  therefore,  but  will  only  present  the  results  of  analysis  and  physico¬ 
chemical  investigations  of  the  substances  obtained. 

Mercury  acetatochioride  was  a  white  powder  with  a  density  of  5,25  g/  ml  and  refractive  indices  of  ng  1.966, 
nni  1.941,  and  np  1,900.  The  substance  dissolved  readily  in  water  and  acids,  was  decomposed  (with  the  evolution 
of  HgO)  by  alkalies  and  also  dissolved  readily  in  alcohol,  ether,  and  acetone,  but  was  insoluble  in  benzene  and 
toluene. 

The  mercury  content  was  60,5*7o,  and  that  of  chlorine  21,6%,  which  agrees  with  the  formula  Hgj(CHsCOO)|Cl4. 
The  molecular  volume  of  mercury  acetatochioride  was  125,9  ml/ mole,  while  the  original  acetate  had  a  density 
of  4,64  and  a  molecular  volume  of  111,9  ml/  mole.  Hence,  one  atom  of  chlorine  occupies  only  3,5  ml/ mole. 

Such  a  small  volume  for  the  volume  Increment  is  apparently  caused  by  the  openness  of  the  structure  of  the  acetate, 
into  the  spaces  of  which  the  clilorine  atoms  fit  without  an  essential  change  in  the  molecular  volume  of  the  original 
substance. 

The  molecular  refraction  of  mercury  acetatochioride  equals  60.2  ml/  mole.  The  total  of  the  ionic  refrac¬ 
tions  (according  to  Fajans)  equals  76,4  ml/ mole,  and  the  total  of  the  atomic  refractions  (according  to  Vogel), 
equals  73,8  ml/  mole.  If  we  assume  that  this  compound  contains  mercury  and  acetate  ions  and  CIj"  radicals  (l,e,, 
the  combination  of  a  chlorine  ion  and  atom),  then  the  calculated  value  obtained  equals  69,9  ml/  mole.  Thus, 
the  minimal  discrepancy  with  experiment  occurs  when  a  perhallde  structure  is  assumed  ftx  the  mercury  acetato¬ 
chioride.  The  low  value  for  the  experimental  molecular  refraction  is  also  (like  the  volumes)  connected,  apparent¬ 
ly,  with  consolidation  of  the  crystal  structure  when  chlorine  atoms  are  Introduced  into  it. 

The  x-ray  picture  of  mercury  acetatochioride  is  illustrated  by  the  figures  in  Table  4,  together  with  the  values 
of  the  interplanar  distances  for  mercury  acetatobromlde  and  iodide.  Analysis  of  the  x-ray  pictures  shows  the  In¬ 
dividuality  of  the  compounds  we  synthesized. 
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Mercury  acetatobroinlde  was  a  grey  powder  with  a  specific  gravity  of  5^9  g/  ml  and  refractive  indices  of 
np  1.872,  ng  2,00  (nm  was  not  determined  due  to  complete  cleavage  cracking  of  the  crystals).  This  compound 
was  insoluble  in  water  and  organic  solvents  and  among  the  acids,  dissolved  only  in  hot  concentrated  nitric  acid 
and  aqua  regia. 

Found  %  Hg  43,5;  Br  42.1.  Hgi(CHjCOO)iBr5. 

Calculated  %  Hg  43,7;  Br  43.4, 

The  molecular  volume  of  mercury  acetatobromide  equals  156  ml/  mole.  Hence,  the  volume  increment  of 
bromine  equals  8,8  ml/ mole,  while  the  volume  of  a  covalently  bound  bromine  atom  equals  18,2  ml/ mole.  Con¬ 
sequently,  there  is  also  contraction  in  the  bromine  salt,  as  in  the  chlorine  salt,  for  the  reasons  noted  above. 

Mercury  acetatoiodide  was  obtained  by  careful  fusion  of  mercurous  acetate  with  iodine.  When  the  excess 
iodine  had  been  washed  out,  crystals  were  obtained  with  a  specific  gravity  of  6,52  g/  ml  and  a  refractive  index 
above  2.00.  Analysis  gave  the  following  results. 

Found  Hg  39.5;  I  50.5.  HgjCCHjCOO)^^. 

Calculated  °h,  Hg  39.1;  I  49.4. 

The  chemical  properties  of  mercury  acetatoiodide  were  similar  to  those  of  the  bromine  salt. 

The  molecular  volume  of  Hgj(CH3COO)||l4  equals  157.5  ml/  mole  and  hence  the  volume  of  iodine  obtained 
was  equal  to  11,4  ml/  mole.  This  value  is  also  below  the  standard  value  of  the  volume  increment  of  iodine  (24,3 
ml/  mole)  in  complete  accordance  with  the  properties  of  mercury  acetatochloride  and  bromide. 

Data  from  the  x-ray  pictures  of  mercury  acetatobromide  and  iodide  are  presented  in  Table  4,  where  the 
values  of  the  interplanar  distances  for  the  original  mercury  acetate,  taken  from  Kitalgorodskil's  handbook  [4],are 
given  for  comparison.  A  comparison  of  the  x-ray  pictures  of  the  compounds  obtained  with  the  characteristics  of 
the  original  salt  and  the  corresponding  mercury  dihalides  (see  Tables  1-3)  confirms  the  individuality  of  the  sub¬ 
stances  synthesized. 

As  has  already  been  stated ,  the  x-ray  investigation  is  the  final  proof  of  the  individuality  of  the  substances 
we  synthesized, 

SUMMARY 

1.  Mercury  acetate  and  carbonate  were  halogenated,  and,  as  a  result,  we  synthesized  perhalldes  of  the  com¬ 
position  HgjCOjCU,  HgjCOsBr,,  HgjCOjl4,  HgjfCHjCOOliCU,  Hg,(CHjCOO)iBrB,  Hgj(CHsCOO)il4. 

2.  A  study  was  made  of  the  physicochemical  properties  of  the  substances  obtained,  including  their  x-ray 
pictures, 

3.  An  x-ray  picture  of  mercurous  carbonate  was  taken  for  the  first  time,  and  the  densities  of  mercury  carbon¬ 
ate  and  acetate  were  measured. 
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In  previous  work  [1],  the  radioactive  isotope  of  carbon  C^^  was  used  to  study  the  exchange  of  radicals  in  the 
systems  dlphenylmercury— benzene,  phenylmercury  hydroxide— benzene,  and  tetraphenyllead— benzene  with  heat¬ 
ing  and  irradiation  with  ultraviolet  light.  Analysis  of  the  experimental  data  showed  that  exchange  of  radicals  may 
proceed  by  an  open  radical  mechanism  or  through  the  intermediate  formation  of  a  reaction  complex  with  the  solv¬ 
ent.  In  addition,  the  extent  of  the  exchange,  which  depended  on  the  composition  of  the  reacting  system  and  the 
reaction  conditions,  made  it  possible  to  estimate  the  lability  of  the  separate  radicals  in  the  compounds  investigated. 

In  the  present  article,  we  present  the  results  of  studying  the  exchange  of  phenyl  and  ethyl  radicals  in  the 
following  systems: 

CellBlIgBr-GeMfiBr.  CellsHgllr-^eHe.  C^HsMgBr-CBlIsI  C„n5MgI$r-C„He. 

GzHsMgBr-^jHsBr,  (G6H5)4P I-C0H5I,  (G„nB)4pJ-fi„H8  and 

(^8^5)2^ — 


EXPERIMENTAL 

For  studying  the  exchange  under  ultraviolet  irradiation,  the  starting  materials  were  placed  in  quartz  tubes 
and,  in  the  case  of  heating,  in  pyrex  tubes,  which  were  sealed  for  each  experiment.  Irradiation  was  carried  out 
with  ultraviolet  light  from  a  mercury-quartz  lamp,  PRK-2,  The  inadiation  time  in  each  successive  experiment 
was  established  in  relation  to  the  degree  of  exchange  in  the  previous  experiment.  The  contents  of  the  tube  were 
shaken  periodically.  For  examining  exchange  at  an  elevated  temperature,  a  hermetically  sealed  metal  reactor 
was  used,  and  in  it  were  placed  the  tubes  containing  the  exchangeable  substances,  solvent,  and  various  additives. 
After  irradiation  with  ultraviolet  light  or  heating,  the  labeled  bromobenzene  (or  benzene)  was  separated  ^m  the 
precipitate  of  phenylmercury  bromide  by  decantation,  distilled,  and  analyzed  radiochemically.  The  residue  was 
washed  several  times  with  unlabeled  bromobenzene  (or  benzene)  in  the  cold,  and  then  5-6  times  with  absolute 
ether.  The  chosen  separation  procedure  was  tested  by  special  control  experiments,  in  which  the  starting  materials 
were  mixed  in  the  cold  and  separated  under  conditions  which  excluded  exchange  of  radicals.  In  the  study  of  the 
exchange  in  the  system  CgHsHgEr— CeHsBr  (or  (^eHs)*  the  molecular  ratio  of  the  components  was  1:40. 

The  labeled  benzene  required  for  the  work  was  obtained  by  the  method  in  [2].  Bromobenzene  was  synthesized 
from  C^'*-labeled  benzene, and  bromine  by  the  usual  method.  Phenylmercury  bromide  was  kindly  provided  by 
G.  G.  Petukhov. 

The  starting  materials  and  reaction  products  were  analyzed  radiochemically  after  combustion  of  the  organic 
substances  to  COj  by  means  of  an  internal- filling  counter  [3].  The  accuracy  of  the  analysis  was  evaluated  as 
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TABLE  1 


System 


GBlIiillfFHr  4  ('nllsHr 


“1“ 


Duration 

Activity  (counts/  min) 

Degree 

Additives 

Expt, 

at  100%  'obtained  in 

of  exch. 

conditions 

(hrs) 

exch. 

experiment 

(%) 

2(K)° 

160 

O-IS 

39 

6.0 

210 

10 

613 

354 

43.5 

G«)Cl2 

100 

10 

813 

163 

20.0 

(:oa2 

2r> 

10 

813 

124 

1.5.3 

— 

65 

648 

34 

5.2 

— 

10 

648 

9 

— 

2 

813 

327 

40.1 

Ap 

10 

643 

456 

71.0 

Ag 

20 

813 

625 

76.8 

(:o(;i2 

C0CI2 

Co(:i2 

Irradiatior 
with  UV 

2 

10 

20 

648 

648 

643 

120 

432 

511 

18.5 

66.6 

79.5 

C0CI2 

light 

30 

643 

523 

81.4 

SnCl2 

10 

643 

27 

4.2 

— 

10 

2133 

815 

38.3 

G()Cl2 

10 

2133 

1111 

.52.1 

The  results  of  experiments  on  the  exchange  of  phenyl  radicals  In  phenylmercury  bromide,  presented  in 
Table  1,  show  that  the  exchange  only  reached  appreciable  proportions  when  certain  additives  were  present,  in 
particular  anhydrous  cobaltous  chloride  and  silver  powder. 

In  the  case  of  cobaltous  chloride,  the  transfer  of  activity  from  (^gligBr  to  CgHsHgBr  was  probably  caused  by 
the  presence  of  reversible  reactions  in  which  the  cobaltous  chloride  acted  as  a  carrier  of  phenyl  radicals  from  one 
compound  to  the  other: 


C,H5HgHr  +  C0CI2  CeH50)Cl  4  HgCIHr,  CeH^CoCI  CeHj  •  +  GoCI  •, 
Coci  •  4-c«ii5nr  CoUg .  4-CoCinr. 


It  should  be  noted  that  the  action  of  cobaltous  chloride  appeared  more  strongly  during  irradiation  with  ultra¬ 
violet  light  than  with  simple  heating  of  the  reaction  mixture  due  to  the  increase  in  the  concentration  of  phenyl 
radicals.  The  accelerating  action  of  silver  powder  exceeded  that  of  cobaltous  chloride  (see  Table  1),  which  indi¬ 
cates  surface  catalysis  of  the  exchange  process. 

Exchange  in  the  system  CsHsHgBr—deHc  proceeded  more  rapidly  than  in  the  system  containing  ^gHsBr,  and 
proceeded  to  a  considerable  extent  even  with  simple  Irradiation  with  ultraviolet  light,  which  is  explained  by  the 
easier  regeneration  of  phenyl  radicals  from  £5^6  by  the  elimination  of  hydrogen  from  solvent  radicals,  formed 
from  the  organomercury  compound, 

•  • 

To  determine  the  degree  of  exchange  between  CgHsMgBr  and  CgHsI  or  between  CjHsMgBr  and  CgHg,  phenyl- 
magnesium  bromide  in  ether  solution  was  carboxylated  and  the  complex  formed  was  decomposed  with  hydrochloric 
acid.  The  benzoic  acid  liberated  by  decomposition  of  the  complex  was  isolated  and  converted  into  the  sodium 
salt,  which  was  reconverted  into  the  original  acid.  The  exchange  was  studied  with  irradiation  by  ultraviolet  light 
for  a  maximum  duration  of  100  hours  and  with  storage  at  room  temperature  for  a  period  of  300  hours.  It  was  esta¬ 
blished  that  no  exchange  of  phenyl  radicals  occurred.  As  a  result  of  reaction  between  CsHjMgBr  and  ^gHsI,  in 
addition  to  benzoic  acid  we  Isolated  diphenyl,  whose  formation  was  not  detected  in  the  case  of  the  CgHsMgBr— 
system.  The  benzoic  acid  and  diphenyl  were  analyzed  radiochemically.  Since  the  reaction  was  carried 
out  with  excess  phenylmagnesium  bromide,  the  process  was  complete  after  consumption  of  all  the  ^sHsI;  here, 
practically  all  the  activity  was  found  in  the  diphenyl.  The  addition  of  ferric  chloride  or  aluminum  chloride  to 
the  reaction  mixture  only  accelerated  decomposition  of  the  organomagnesium  compound. 

For  determining  the  degree  of  exchange  of  ethyl  radicals  between  C2H5Br  and  CjHsMgBr,  the  reaction  mix¬ 
ture  in  ether  or  dimethylaniline  was  carboxylated  v/ith  carbon  dioxide,  the  complex  decomposed  with  20%  sulfuric 
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TABLE  2 


Solvent 

Experimental 

Duration 

Activity  (counts/ min) 

Degree  of 

conditions 

of  exp’t. 
(in  hours) 

at  100% 
exchange 

obtained 

In  exp’t. 

exchange 
(In  %) 

Ether 

UV-radlatlon 

25 

577 

38 

6.6 

Ether 

20* 

36 

565 

36 

6.4 

Dimethyl- 

aniline 

20* 

36 

565 

191 

34.8 

acid  and  the  propionic  acid  Isolated  from  the  mixture,  combusted  to  carbon  dioxide  and  the  activity  determined. 

As  a  result  of  decomposition  of  the  Grlgnard  complex  and  ethyl  bromide  by  ultraviolet  radiation,  gaseous  products 
were  formed,  and  these  were  mainly  ethylene  and  ethane.  Table  2  gives  some  data  on  the  exchange  In  this  system. 

From  the  experimental  data  It  follows  that  exchange  of  ethyl  radicals  between  labeled  ethyl  bromide  and 
the  Grlgnard  complex  In  ether  was  Insignificant.  In  dlmethylanlllne,  the  degree  of  exchange  was  slightly  higher, 
apparently  due  to  the  polar  character  of  the  solvent,  which  Increased  the  polarity  of  the  carbon— magnesium  bond 
In  ethylmagneslum  bromide.  Due  to  the  complexity  of  the  structure  of  the  Grlgnard  complex.  It  Is  difficult  to 
put  forward  here  any  hypothesis  on  the  exchange  mechanism. 

Exchange  of  ethyl  radicals  was  not  detected  In  the  system  (C2Hs)4Pb— C^HsBr  on  prolonged  heating  In  sealed 
ampules  or  on  Irradiation  with  ultraviolet  light.  Radioactive  carbon  from  passed  Into  gaseous  decomposi¬ 

tion  products.  However,  If  aluminum  bromide  was  added  to  the  system,  the  amount  of  decomposed  tetraethyllead 
Increased,  but  part  of  the  radioactive  carbon  was  found  In  the  undecomposed  tetraethyllead.  Thus,  the  exchange 
of  ethyl  radicals  at  150*  over  a  period  of  20  hours  In  the  presence  of  aluminum  bromide  was  about  20%,  apparently 
due  to  the  formation  of  an  Intermediate  compound  facilitating  exchange. 

To  determine  the  degree  of  exchange  of  phenyl  radicals  between  (C2H|)4PI  and  C^HsI  (or  £eH«),  to  the  alco¬ 
hol  solution  was  added  twice  the  volume  of  hot  water.  On  cooling,  the  solution  deposited  a  precipitate  of  tetra- 
phenylphosphorus  Iodide,  which  was  then  recrystalllzed.  During  Inadlatlon  with  ultraviolet  light,  or  on  heating 
the  mixture,  only  Insignificant  exchange  was  observed  and  this  did  not  exceed  the  errors  of  measurement.  The 
Introduction  of  an  additive,  for  example  cobaltous  chloride  or  silver  powder,  had  no  essential  effect  on  the  extent 
of  the  exchange,  which  Indicated  the  low  lability  of  the  phenyl  radicals  In  the  given  system.  It  was  also  Impos¬ 
sible  to  detect  the  exchange  of  phenyl  radicals  between  (CsH^JliO  and  under  treatment  with  ultraviolet  light 
or  on  heating.  Cobaltous  chloride,  aluminum  chloride,  or  metallic  silver  or  copper  also  had  no  accelerating  ef¬ 
fect  on  the  exchange.  Thus,  the  results  of  our  experiments  agree  with  literature  data  [4]  on  the  stability  of  the 
bonds  of  phenyl  radicals  with  oxygen. 

The  authors  are  very  grateful  to  G.  A.  Razuvaev  for  valuable  advice  and  help. 

SUMMARY 

A  study  was  made  of  the  exchange  of  phenyl  and  ethyl  radicals  in  certain  organomercury,  organo magnesium, 
organolead,  and  organophosphorus  compounds.  It  was  shown  that  the  exchange  of  phenyl  radicals  In  organomer¬ 
cury  compounds  and  of  ethyl  radicals  in  organolead  compounds  proceeds  only  in  the  presence  of  additives,  for 
example,  cobaltous  chloride,  aluminum  bromide,  and  metallic  silver.  It  was  established  that  there  was  no  ex¬ 
change  of  phenyl  radicals  In  organomagneslum  and  organophosphorus  compounds,  both  in  the  absence  of  additives 
and  in  their  presence. 
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An  Investigation  of  the  scintillation  efficiency  of  a  large  number  of  different  organic  substances  led  to  the 
discovery  of  new  and  extremely  promising  classes  of  compounds,  one  of  which  was  the  oxadlazole  class  [1-3], 

Therefore,  to  study  the  relation  between  structure  and  scintillation  activity  In  the  series  of  oxadlazole  deriva¬ 
tives,  and  also  to  look  for  new  highly  efficient  scintillators,  we  synthesized  asymmetric  2,5-dlaryl  derivatives  of 
1,3 ,4- oxadlazole,  previously  undescrlbedlntheilterature.Thecorrespondlng  hydrazldes,  from  which  these  substances 
were  obtained,  had  not  been  described  either.  The  following  scheme  was  used  for  the  synthesis  of  these  substances: 


Ar-"-NII_,NI].,  ArJ-NII-NII-li-Ar-  -1112:.  Ar-l,  ,LAr', 

where  Ar  &Ar'  =  r,»„ 


In  this  scheme,  two  stages  were  most  Interesting  from  the  preparative  point  of  view,  and  these  were  the 
formation  of  the  asymmetric  dlarylhydrazlde, and  ring  closure  of  this  hydrazlde  to  give  an  oxadlazole.  In  the  first 
case,  the  formation  of  the  asymmetric  hydrazlde  In  pyridine  may  be  complicated  by  the  fact  that,  for  as  yet  un¬ 
discovered  reasons,  a  symmetrical  dlaryl  hydrazlde  Is  sometimes  obtained  together  with  the  main  product.  In  the 
second  case,  we  established  that  the  formation  of  the  oxadlazole  ring  required  that  the  appropriate  dlaryl  hydrazlde 
was  heated  for  quite  a  short  time  with  PCX3I3,  only  until  the  former  dissolved  completely,  since  prolonged  boiling 
with  phosphorus  oxychloride,  as  Is  recommended  In  similar  cases,  frequently  led  to  a  deterioration  In  the  quality 
of  the  product  obtained. 

All  the  hydrazldes  obtained  In  the  present  work  were  colorless,  crystalline  substances,  which  were  readily 
soluble  In  pyridine  and  acetic  acid,  less  soluble  In  alcohols,  benzene  and  toluene,  and  Insoluble  In  water  and 
aqueous  solutions  of  mineral  acids  and  alkalies.  The  conespondlng  oxadlazoles  were  colorless  compounds,  which 
were  readily  soluble  In  the  usual  organic  solvents. 


EXPERIMENTAL 

S ynthesls  of  2-(4-Blphenylvl)-5-(l-Nap h t h yl)-l,3,4-Oxadlazole 

l-(4-Blphenylyl)-2-(l-naphthvl)  hydrazlde.  Into  a  flask  fitted  with  a  reflux  condenser  and  a  mechanical 
stirrer  was  placed  64  g  of  1-naphthoyl  chloride  [4]  and  300  ml  of  dry  pyridine,  and  over  a  period  of  15  minutes, 

70  g  of  4-blphenylyl  hydrazlde  [5]  was  then  added.  The  mixture  obtained  was  boiled  for  20  minutes,  cooled  to 
room  temperature,  and  poured  Into  1.5  liters  of  water.  The  colorless  precipitate  was  collected  by  filtration,  washed 
with  water  on  the  filter,  and  dried.  After  recrystalll/atlon  from  acetic  acid,  the  product  was  obtained  In  a  yield 
of  102  g  (84,3*5^)  and  the  m.p,  was  215*.  After  several  recrystalllzatlons  from  acetic  acid,  the  product  had  m.p. 
219-220". 
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Found  %.  N  7.57.  CmHuOiN,. 

Calculated  %  N  7.65. 

2-(4-Blphenylyl)-5-(l“naphtliyl)-l,3,4-oxadlazole.  58  g  of  l-(4-biphenylyl)-2-(l-naphthyl)  hydrazlde  was 
boiled  with  150  ml  of  POCls  for  1  hour,  then  the  bulk  of  the  phosphorus  oxychloride  was  removed  by  distillation 
and  the  residue  poured  Into  0.5  liter  of  cold  water.  The  colorless  crystalline  precipitate  was  collected,  washed 
with  water,  and  dried.  After  two  recrystallizations  from  glacial  acetic  acid,  the  product  had  m.p.  156-157*,  and 
the  yield  was  34  g  (61.8%). 

Found  %c  N  8.09.  Ct4Hi60Nt. 

Calculated  %c  N  8.05. 

S  ynthesis  of  2-(4-Bipheny  1  yl )-  5-  (2-  Nap  h  t  h  yl)-l,3,4-Oxadiazole 

1- (4“Blphenylyl)“2-(2-naphthyl)  hydrazlde.  A  mixture  of  57  g  of  2-naphthyl  hydrazlde  [6]  and  60  g  of 
4-blphenylcarboxyl  chloride  was  dissolved  in  360  ml  of  dry  pyridine,  boiled  for  2  hours,  and  poured  Into  3  liters 
of  cold  water.  A  colorless  crystalline  product  with  m.p.  200-201*  precipitated.  After  several  recrystallizations 
from  acetic  acid,  the  product  had  m.p.  205-206*  and  the  yield  was  43  g  (38.5%). 

Found  %:  N  7.61.  C,4lloOiNi. 

Calculated  %:  N  7.65. 

2- (4-Blphenylyl)-5-(2-naphthyl)-l,3,4-oxadiazole.  A  mixture  of  40  g  of  l-(4-blphenylyl)-2-(2-naphthyl) 
hydrazlde  and  100  ml  of  P(Xls  was  boiled  for  3  houn  and  then  carefully  poured  onto  ice.  After  2-3  hours,  the 
precipitate  was  collected  and  recrystallized  from  acetic  acid  to  give  20  g  (38%)  of  product  with  m.p.  145*. 

Found  %:  N  8.11.  Cj^HnON,. 

Calculated  %;  N  8.05. 

Synthesis  of  2- Pheny  1- 5- ( 1- Na phthy  1  >-1,3  ,4- Ox adlazole 

1-  Phenyl- 2-(l-Naphthvl)  hydrazlde.  97  g  of  1-naphthoyl  chloride  [4]  was  mixed  with  500  ml  of  pyridine 
and  to  the  solution  obtained  was  added  69  g  of  benzhydrazlde  [7].  The  solution  was  boiled  for  30  minutes  and 
poured  Into  2  liters  of  cold  water.  The  reaction  product  precipitated  at  first  as  an  oil,  which  crystallized  on  cool¬ 
ing  to  give  a  colorless  crystalline  mass  with  ra.p.  146-147*  in  a  yield  of  143  g  (97%).  After  several  recrystalllza- 
tlons  from  toluene,  the  product  had  m.p,  150.5-151*. 

Found  %:  N  9.76.  CmHi40^Nj. 

Calculated  %t  N  9.62. 

2- Phenyl-5-(l-naphthyl)-l,3,4-oxadlazole.  There  Is  only  one  mention  of  this  compound  in  the  literature [2], 
without  any  details  on  its  synthesis. 

70  g  of  1-phenyl- 2*(tnaphthyl)hydrazide  was  mixed  with  200  ml  of  POCI3  and  boiled  for  1.5  hours.  The 
bulk  of  the  POClj  was  then  removed  by  distillation  and  the  residue  poured  Into  cold  water.  The  precipitated  sub¬ 
stance  was  vacuum  distilled  at  260-265*  (6  mm)  and  then  recrystalllzed  from  methanol  to  form  colorless  crystals 
with  m.p.  117-118*  In  a  yield  of  16  g  (24.3%).  After  purification  by  chromatography  on  aluminum  oxide,  the 
product  had  m.p,  120*  [2]. 

Synthesis  of  2- Pheny  1 -5 -(  2-Naphthyl )- 1  ,3 ,4- Ox  adlazole 

l-Phenyl-2-(2-naphthyl)  hydrazlde.  100  g  of  2-naphthoyl  chloride  was  dissolved  in  700  ml  of  pyridine  and 
72  g  of  benzhydrazlde  [7]  slowly  added  to  the  solution  obtained,  which  was  then  boiled  for  30  minutes  and  poured 
Into  3  liters  of  water.  After  recrystalllzatlon  from  dilute  acetic  acid,  the  substance  had  m.p.  194-196*,  and  the 
yield  was  72  g  (47.4%). 

Found  %:  N  9.69.  CwHi^OiNt. 

Calculated  %:  N  9.62. 
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2"Phenyl" 5-(2-naphthyl)- 1 ,3 ,4-oxadlazole.  Only  the  melting  point  of  this  substance  Is  given  In  the  litera¬ 
ture  [2],  with  no  details  of  its  synthesis  or  properties. 

52,6  g  of  l-phenyl-2-(2-naphthyl)  hydrazlde  was  mixed  with  150  ml  of  POCls  and  boiled  for  3  hours.  Then 
70  ml  of  POCI3  was  removed  by  distillation  and  the  residue  poured  into  water  to  give  45  g  (91,3*^)  of  product. 
After  recrystalUzatlon  from  methanol  and  chromatographic  purification,  the  product  had  m.p.  124*  [2], 

Synthesis  of  2- (1  -  Naphthy  1)- 5- (2- Naphthy  1 )- 1 ,3 ,4- Oxadla zole 

l~(l-Naphthyl>-2-(2-naphthyl)  hydrazlde.  116  g  of  1-naphthyl  hydrazlde  [8]  and  115  g  of  2-naphthoyl 
chloride  were  dissolved  In  600  ml  of  pyridine,  and  the  solution  obtained  was  boiled  for  2  hours  and  then  poured 
Into  3  liters  of  water.  The  precipitate  was  recrystallized  twice  from  acetic  add,  when  the  m.p,  was  217-218* 
and  the  yield  87  g  (42*^). 

Found  %  N  8.34.  CnHijOiN,. 

Calculated  %,  N  8.24. 

2“(1-Naphthyl}‘ 5-(2-naphthyl)- 1 ,3 ,4-oxadlazole.  A  mixture  of  87  g  of  l-(l-naphthyl)-2-(2-naphthyl)  hy* 
drazlde  and  300  ml  of  PCX^ls  was  boiled  for  5  hours.  Then,  150  ml  of  POClj  was  removed  by  distillation  and  the 
residue  poured  Into  water.  The  precipitated  product  was  recrystallized  twice  from  acetic  acid  and  purified  by 
chromatography  to  give  46  g  (63*5fc)  of  product  with  m.p.  136*. 

Found  %  N  8.86.  CnH^ONj. 

Calculated  ^  N  8.70. 


SUMMARY 

The  previously  undescrlbed  2- phenyl- 5-(l-naphthyl)-,  2-(4-blphenylyl)-5-(l-naphthyl>*,  2-phenyl- 6-(2- 
-naphthyl)-,  2-(4-blphenylyl)-5-(2- naphthyl)-, and  2-(l-naphthyl)-5-(2-naphthyl)-l,3,4-oxadlazoles  were  synthe¬ 
sized,  and  also  the  corresponding  hydrazldes,  from  which  they  were  obtained. 
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An  examination  of  the  vibration  spectra  of  phosphorus  and  organophosphorus  compounds  leads  to  the  conclu¬ 
sion  that  molecules  containing  the  P  =  O  group  have  a  vibration  in  which  this  group  takes  the  main  part.  The 
slight  differences  in  the  frequencies  of  this  vibration  in  spectra  of  compounds  with  different  substituents  at  the 
phosphorus  atom  make  it  possible  to  consider  it  quite  characteristic  in  frequency.  With  rare  exceptions,  this  vibra¬ 
tion  appears  in  Raman  (R)  and  infrared  (IR)  spectra  in  the  region  of  1200-1300  cm”^,  and  serves  as  a  reliable  char¬ 
acteristic  of  the  P  =  O  group.  For  structural  and  analytical  purposes  in  the  chemistry  of  phosphorus  compounds, 
the  spectral  characteristics  of  the  P  =  S  group  are  also  of  interest. 

The  vibration  spectra  of  organothiophosphorus  compounds  have  been  investigated  previously  by  many  authors. 
Thus,  Gore  [1]  investigated  more  than  30  IR  spectra  of  organothiophosphorus  and  organophosphorus  compounds. 
According  to  his  data,  the  spectrum  of  PSCls  has  an  Intense  band  at  748  cm"^,  which  is  absent  from  the  spectrum 
of  POCI3,  The  spectra  of  diethyl  chlorothionephosphate  and  diethyl  chlorophosphate  differ  sharply  in  the  regions 
of  660  and  1290  cm“*.  The  presence  of  a  band  at  660  cm  ^  in  the  spectrum  of  the  first  compound,  and  at  1290 cm"^ 
in  that  of  the  second,  was  explained  by  the  presence  of  the  P  =  S  and  P  =  O  bonds.  However,  in  most  places  it 
was  not  possible  to  link  absorption  bands  in  the  IR  spectra  with  the  thione  group  of  thiophosphorus  compounds.  The 
author  came  to  the  conclusion  that  the  P  =  S  group  did  not  have  a  characteristic  frequency.  Daasch  and  Smith  [2], 
and  Bellamy  and  Beecher  [3],  arrived  at  the  same  conclusion.  In  a  series  of  other  publications  on  the  IR  spectros¬ 
copy  of  thiophosphorus  compounds  [4-7],  no  absorption  connected  with  the  presence  of  the  P  =  S  bond  was  identi¬ 
fied. 

In  a  monograph  on  IR  spectra  of  complex  molecules,  Bellamy  [8]  came  to  the  conclusion  that  the  absorption 
mainly  associated  with  the  vibration  of  the  P  =  S  bond  was  in  the  region  of  750-600  cm"^  and  changed  consider¬ 
ably  in  intensity.  Therefore ,  the  absence  of  noticeable  absorption  in  this  region  may  not  be  a  proof  of  the  absence 
of  the  P  =  S  group  from  the  molecule. 

In  the  work  of  Mclvor,  Grant  and  Hubly  [9],  an  investigation  was  made  of  the  IR  spectra  of  50  organothio¬ 
phosphorus  compounds,  some  of  which  were  also  examined  by  us  and  are  presented  in  the  present  communication. 

In  this  work,  the  presence  of  a  thione  group  in  the  structure  of  the  molecule  was  linked  with  frequencies  in  the 
region  of  835—  770.cm“^,  However,  this  conclusion  was  not  confirmed  by  comparison  of  the  spectra  of  the  thione 
compounds  with  those  of  thiol  and  oxygen  organophosphorus  compounds,  presented  in  the  article  cited.  For  example, 
the  band  at  780  cm“^  in  the  spectrum  of  CHPSCI2  was  assigned  to  the  P  =  S  bond  by  the  authors,  but  the  IR  spec¬ 
trum  of  CH3PCX3I2  also  had  a  band  of  the  same  intensity  at  770  cm"^.  The  spectra  of  diethyl  chlorothionephosphate 
and  diethyl  chlorophosphate  had  absorption  bands  of  similar  intensities  in  the  region  of  800  cm"*,  but  the  band  at 
817  cm”*  of  diethyl  chlorothionephosphate  was  assigned  to  the  thione  group.  The  IR  spectra  of  (CH30)iPHS  and 
(CH30)|iPHO  showed  bands  of  identical  intensity  with  the  frequency  of  795  cm"*,  but  in  the  article  considered, 
the  band  at  795  cm"*  in  dimethyl  thiophosphlte  was  assigned  to  the  thione  group.  In  the  same  way,  the  rest  of  the 
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TABLE  1 


Raman  Spectra* 

I.  I'SCIj:  I7(){«).  2'in(9),  42S(1()),  r)30(5),  7r.O  (G). 

II.  QII^OI’SCI.,:  1/iG(l).  10;{(l(i).  2'»2(7).  99 1  (/i).  /|9I  (2).  •'i(;9(7),  48G  (7).  556(1), 
G97(r»),  722(5).  779(«)).  1(119(0),  1094(1).  1985(0),  1449(1),  1469(1),  2901  (0), 
2!l.99(l).  2976(1),  .9(112(0). 

III.  (:il.,l'.S(:i2:  128(1),  185(10).  262(10),  .946(1),  999(2),  127(9),  448(10),  505(4), 
666(7).  779(9),  904  (2),  1999(9),  2917(8).  .9002(6). 

IV.  (;.,llr,l'OC|.,:  161(1),  198(2),  217(2),  271(0),  288(2).  .938(4),  .981  (5),  482(6), 

.5iiii('6),  716(2),  97.9(0),  1091(1),  1242(1),  1273  (  2),  I4(KI(1),  1455(1),  2892(2), 

2919(4),  2951  (4),  9019(2). 

V.  ((:..llsO)^|*.'-Cl:  145(1),  2o6(.5).  .9.59(0),  496(4),  .591  (0),  652  (6).  670  (.9),  780  (1), 
1096(i).  1282(0),  1.98n(l).  l'.'i'i(2).  1171(1),  2!)('1(1).  2998(7),  2!)78  (6). 

VI.  ((:il3).^NI\S(:i2;  145(1),  174  (4),  226(2),  250(4),  919(1).  .971(8),  .987  (2). 428(0), 
.508(10),  673(6),  761  (1),  989(1),  1497(2),  1474(1),  2810(1),  28.54(2),  2921  (2), 
20.59(2).  .9010(1). 

VII.  (r.||.,).,Nr()(:i2:  lOl  (.9),  22.9  (.9),  916(l),  .9.53  (i).  .987  (10),  517(7),  722(3),  1261  (4), 
1442(2").  1477(1),  282o(l),  286.9(2),  2095(2),  20.56(2),  .9017  (1). 

VIII.  (C.2ll-.0)al’--S:  149(2),  608(5),  635(2),  780(1),  !»4.9(1),  1023(1),  1098(4), 
1280(2),  1.98!)  (0),  1447  (3),  1474  (1),  2001(2),  2!l9»i  (7),  207!)  (.5). 

IX.  (C2ll%n)2l‘0(SC2n.s):  146(1).  280(2),  .9!)2(1).  ,562(2),  602(2),  646(6),  747(2), 
708(1).  !)68(0),  10.52(2),  10!).5  (4),  1244(3),  1281(1),  1446(4),  1471(1),  2904(1), 
20.95  (8),  2077  (6). 

X.  (('-.2 1 1 -,0)31  *=0:  144(1),  723(2),  741  (2),  814  (1),  1()2!)(1),  1099(4),  1267(2), 
1288(3),  1.984(1),  1445(4),  1473(1),  2!)06(4),  2!)3«i  (7).  2!)8l  (6). 

XI.  (C.2ll-,S).2P()CI:  144  (1),  176(2),  294  (.9),  288(1).  4.58(7),  466(7).  .5.96  (1 ),  578  (1), 
635(6),  065(1),  1053(2),  1227  (4).  1422  (1 ),  1448(2),  20.96(7),  2!I79(4). 

XII.  ((:,ll5()).2(’.,llr,l'S:  144(1),  .921;  (1).. 584  (6),  606(1).  1098(0),  100.9(4),  1284(1), 
14rHi(l).  1452(4),  2!i0.5(2),  2!».98(7),  20S9(.5). 

XIII.  (C.2lU.())C.JIjiP()(.SC.2Hn):  142(1),  278(2),  481  (0).  .521  (2),  .565(1),  647(4),  698(1), 
774  (0),  062(0).  1040(1),  1002(2),  1210(3),  1273(0),  1401  (1),  1448(4),  2916(1), 
20.9.5  (7),  2077  (5). 

XIV.  ((:.2llr,0)./:2lK.PO:  145(1),  694(.9),  7,97(1),  811(0),  10,97(1),  1096(3),  1225(3), 
1.9.97(2),  I4C2(1),  1451(4),  2!K)8(2).  20.96(7).  2!t80(5). 

XV.  ((:.2llr,()).2P.S(()Cll2Cll.2.SC2lI.O:  14.9(1),  607(5),  651  (3),  687(4),  746  (.9),  850(0), 
051  (0),  1042(0).  1108(3),  1282(3),  1447(4),  2!M)2(1),  2!t.99(7),  2!»77  (5). 

XVI.  (C2llr,(>)2l’<>(5^CH2Cll28r:2ll5):  145(1),  651(3),  688(4),  745(4),  849(0),  1048(1), 
1095  (.9).  1249(3),  1278(9),  1448(4),  290.9(1),  2991(7),  2976(5). 

XVII.  (C2ll5())2PSSIl:  145(1),  192(2),  .9.50(2),  504(4),  5-94  (.9),  653(7),  764(3), 

10!t7  (4).  1281  (1),  1.984  (0),  1445(.9),  2549  (2b**),  2897(1),  2934(6),  2974(4). 

XVIII.  (C2ll5()).2PS(SC2ll6):  144(1),  224  (2),  518(1).  .546(1),  6.54  (  7b  ),  1050(1), 

100.5(.9),  1285(1),  1387(1),  1444  (4),  2900(2),  29.92(7),  2971(5). 

XIX.  (C2n-,())2PS(S(:il2Cll2SC2M5):  145(1),  6.52(6b),  689(3),  750(3),  1003(0), 

1045(0),  109.9(2),  1277(2),  1445  (.9),  2909(1),  2928(7),  2972  (.5). 

XX.  (C2ll',fl)v>PMS:  144(1),  633(5).  651  (2),  762(1),  1096(2),  1279(1),  1445  (.9). 
241.7  (.9  b),  2!MI2(1),  2036(6),  2980(4). 


*  The  frequencies  selected  refer  to  the  P  =  S,  P  =  0,  P— SC2H5  and  CH2CH2SC2H5  groups, 

•  •  b  =  broad. 

assignments  made  by  Mclvor,  Grant  and  Hubly  are  doubtful.  The  frequencies  ascribed  by  the  authors  to  the  P  =  S 
group  changed  noticeably  when  the  alkyl  radicals  in  the  substituents  were  changed;  on  the  other  hand,  they  often 
coincided  for  organothlophosjihorus  compounds  of  completely  different  types.  It  can  also  be  recorded  that  these 
frequencies  did  not  appear,  or  had  very  insignificant  intensities  in  the  R  spectra  we  obtained.  This  also  disagrees 
with  the  assignments  of  these  authors,  especially  if  we  consider  the  multiple  character  of  the  P  =  S  bond. 

Up  to  the  present  time,  the  R  spectra  of  thlophosphorus  compounds  have  only  been  investigated  in  single 
cases  [10-15],  and  simple  molecules  were  dealt  with  mainly.  There  is  no  theoretical  work  in  the  literature  on 
calculation  of  the  normal  vibrations  of  the  molecules  of  organothiophosphorus  compounds. 

There  are  considerable  grounds  for  assuming  that  the  frequencies  connected  with  the  presence  of  a  P  =  S 
group  in  a  molecule  must  change  with  a  change  in  the  nearest  surroundings  of  the  phosphorus  atom  to  a  consider¬ 
ably  greater  extent  than  the  frequencies  of  the  P  =  O  bond.  It  seems  to  us  that  precisely  this  circumstance  was 
not  considered  by  the  authors  of  the  articles  cited ,  and  this  led  to  incorrect  conclusions  on  the  characteristic  fre¬ 
quencies  of  the  thlone  group. 
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In  order  to  find  the  so-called  characteristic  frequencies  of  the  P  =  S  group,  we  obtained  the  IR  and  R  spectra 
of  organic  thlonephosphorus  compounds,  parallel  with  the  corresponding  thiolphosphorus  and  phosphorus  compounds. 

The  IR  absorption  spectra  presented  in  the  figure  in  the  present  work  ( 1-34)  were  obtained  on  a  single-beam 
Perkln-Elmer  12B  spectrophotometer  with  photographic  recording,  using  sodium  chloride,  lithium  fluoride  and,  in 
some  cases,  potassium  bromide  prisms.  The  substances  were  placed  between  two  sylvlte  plates;  in  all  cases,  the 
layer  thickness  was  approximately  the  same,  and  about  0,01  mm.  Preparations  of  the  sodium  salts  of  thiophos- 
phoroorganlc  acids  were  made  up  in  the  form  of  a  paste  by  carefully  mixing  the  salts  with  vaseline  oil.  In  regions 
where  the  vaseline  oil  absorbed  similarly,  the  solid  substances  were  used  after  evaporation  of  suspensions  of  them 
in  carbon  tetrachloride. 

The  R  spectra  were  obtained  on  an  ISP- 51  spectrograph  with  excitation  by  the  mercury  line  at  4358  A,  which 
was  separated  with  a  glass  filter;  the  linear  dispersion  of  the  spectrograph  with  a  camera  with  i  -  270  mm  was 
25  A/  mm  in  the  region  of  blue  lines.  The  width  of  the  slit  image  on  the  spectrum  was  5  cm”*.  The  exposure 
was  6  hours.  Before  the  spectrum  was  plotted,  the  freshly  distilled  substances  were  further  distilled  in  vacuum 
bulbs  and  placed  in  a  cell  10  mm  long  and  8  mm  in  diameter.  The  intensity  of  the  lines  was  evaluated  visually 
with  respect  to  a  scale  of  ten.  All  the  compounds,  whose  spectra  are  presented  in  the  present  work,  were  used  in 
a  freshly  vacuum  distilled  state. 

As  reported  above,  the  IR  and  R  spectra  of  PSCI3  (I)*  had  a  band  with  a  maximum  at  748  cm"*,  which  per¬ 
tained  to  vibration  of  the  P  =  S  bond.  When  one  chlorine  atom  was  replaced  by  an  ethoxy  group  (see  CjH50PSCli)(l) 
the  IR  spectra  in  this  region  showed  three  bands:  795,  725,  and  700  cm"*.  The  bands  at  795  and  700  cm"*  were 
absent  from  the  spectrum  of  the  thiol  isomer  (2).  According  to  many  data  [16,  17,  2],the  frequency  of  795  cm"* 
is  connected  with  vibrations  of  the  P— OR  group  (R  is  alkyl).  Thus,  we  are  left  with  the  hypothesis  that  the  band 
at  700  cm"*  is  caused  by  the  presence  of  the  P  =  S  bond  in  the  molecule  of  ethyl  dichlorothlonephosphate.  The 
IR  spectrum  of  methyl  dichlorothlonephosphate  [9]  also  has  a  band  at  700  cm"*.  The  line  at  697  cm~*  in  the 
R  spectrum  of  C2H5OPSCI1  (II)  (Table  1),  evidently,  may  be  accepted  as  the  P  =  S  frequency.  The  IR  spectrum 
of  CH3PSCI2  (3)  had  a  band  at  664  cm"*,  and  the  spectra  of  CtHsPSClj  and  C3H7PSCI2  (4,5)  had  the  triplet  bands 
680,  665,  640  and  675,  660,  and  635  cm"*,  respectively,  evidently  caused  by  the  presence  of  P  =  S  groups  in  these 
molecules.  In  the  spectra  of  CH3POCIJ  (21)  and  C2HBPOCI2  (6),  the  absorption  in  this  region  is  considerably  weak¬ 
ened  and  intense  bands  appear  at  1285  cm"*,  in  the  spectrum  of  the  former,  and  at  1285  and  1265  cm"*,  in  the 
spectrum  of  the  second,  which  are  connected  with  the  P  =  O  group.  The  triplet  character  of  the  P  =  S  bands  in 
the  spectra  of  C2H5PSCI2  and  C2H7PSCI3  is  possibly  connected  with  the  realization  of  several  conformations  of  these 
molecules;  evidently,  the  P  =  O  band  in  the  spectrum  of  C2HgPOCl2  has  a  complex  character  for  the  sarhe  reason. 
The  spectra  of  CH3PSCI2  and  CH3PC)Cl2,  where  rotation  isomerism  of  this  type  is  excluded,  show  only  single  bands 
connected  with  the  P  =  S  and  P  =  O  groups. 

In  the  R  spectra  of  CH3PSCI2  (III)  and  C2H5POCI2  (IV),  the  frequency  666  cm"*  in  spectrum  (in)  and  1273  cm"* 
in  spectrum  (IV)  are  the  P  =  S  and  P  =  O  frequencies,  respectively. 

The  spectra  of  dialkyl  chlorothiophosphates  and  dialkyl  chlorophosphates  differ  markedly  in  the  regions  of 
1300  and  660  cm"*.  The  spectra  of  the  five  thione  derivatives,  (RO)2PSCl,  where  R=CH3,  C2H5,  C3H7,  C4H9,  and 
iso-C3H7  (7-11),  investigated,  show  intense  absorption  bands  at  660,  665,  667,  and  656  cm"*,  respectively.  The 
R  spectrum  of  (C2H50)2PSC1  (V)  has  a  line  at  652  cm"*.  According  to  the  data  of  Gore  [1]  (IR  spectrum)  and  of 
Baudler  [17]  (R  spectrum)  dialkyl  chlorophosphates  do  not  have  bands  in  this  region,  and  others  appear  at  1290cm"*, 
Since  this  only  occurs  when  the  P  =  S  group  is  replaced  by  P  =  O  while  the  rest  of  the  structure  of  the  molecule 
is  retained,  we  assign  the  region  of  665—  652  cm"*  to  the  P  =  S  frequencies  in  this  class  of  compound. 

On  replacement  of  the  chlorine  atom  in  dialkyl  chlorothiophosphates  by  the  NHCH3  group  (12-16),  a  shift 
is  observed  in  the  absorption  band  at  660  cm"**  of  approximately  20  cm"*  toward  longer  wavelengths  for  all  five 
of  the  compounds  Investigated  (633,  638,  645,  645,  and  637  cm"*,  respectively,  for  compounds  with  R  =  CH3, 

C2H5,  C3H7,  C4H9,  and  ISO-C3H7),  It  is  quite  probable  that  absorption  in  the  region  of  640  cm"*  is  connected  with 
the  presence  of  the  P  =  S  bond  in  the  molecules,  (RO)2PSNHCH3 ,  where  R  is  an  alkyl  radical. 


•The  numbers  of  the  infrared  spectra  are  given  in  Arabic  numerals,  the  numbers  of  the  Raman  spectra  in  Roman 
numerals. 
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A  comparison  of  the  IR  spectra  (17,  18)  and  the  R  spectra  (VI,  VII)  of  dimethylamldodichlorothiophosphate 
and  dimethylamldodichlorophosphate  makes  it  possible  to  assign  the  band  at  670  cm~^  (673  cm"^  In  the  R  spec¬ 
trum)  in  the  spectra  of  the  thlone  derivative  to  the  P  =  S  group. 

In  the  IR  spectra  of  the  acid  chlorides  of  the  methyl  and  ethyl  esters  of  methylthlonephosphlnic  acid  (19,20) 
and  In  the  spectrum  of  the  isopropyl  ester  of  methylthlonephosphlnic  acid  [9],  there  were  bands  at  620,  625,  and 
629  cm”^  In  the  region  of  P  =  S  frequencies,  which  probably  belong  to  the  latter. 

Vibration  spectra  of  trialkyl  thlonephosphates  were  presented  in  the  works  of  Gore  [1],  Daasch  and  Smith  [2] 
and  others  [14,  15],  There  were  absorption  bands  In  the  region  of  P  =  S  frequencies  In  the  IR  spectra  of  trlmethyl 
and  trlcthyl  thlonephosphate ,  and  also  In  the  spectra  of  the  corresponding  thiol  compounds  and,  therefore,  it  is 
very  difficult  to  make  unequivocal  assignments  on  the  basis  of  Infrared  spectra  alone.  The  R  spectrum  of  trlethyl 
thlonephosphate  (VIII)  showed  lines  at  608  and  635  cm"^.  The  R  spectra  of  triethyl  phosphate  had  lines  of  only 
very  low  Intensity  In  the  region  700-500  cm"^  (X),  Triethyl  thlolphosphate  (IX)  had  a  line  at  646  cm"^  (X),  which 
was  detected  in  the  R  spectra  of  other  compounds  containing  the  P— SR  group.  For  example,  the  P  =  S  bond  is 
absent  from  the  molecule  of  diethyl  diethylchlorodithiolphosphate  (XI),  but  due  to  the  presence  of  the  P— SC2H5 
group,  the  R  spectrum  contained  an  Intense  line  at  635  cm”^. 

In  the  spectra  of  sulfur-containing  derivatives  of  phosphinlc  acids  (XII,  XIII,  and  XIV),  the  picture  observed 
was  similar  to  that  observed  in  the  spectra  of  phosphoric  acid  derivatives.  The  spectrum  of  the  diethyl  ester  of 
ethylthionephosphlnic  acid  had  lines  at  584  and  606  cm”^  (XU).  The  diethyl  ester  of  ethylphosphlnlc  acid  (XIV) 
had  no  lines  in  the  region  of  690-500  cm"^,  while  the  spectrum  of  the  diethyl  ester  of  ethylthlolphosphinlc  acid 
(XIU)  had  a  line  at  practically  the  same  frequency  (647  cm"*)  as  that  of  triethyl  thlolphosphate,  and  connected 
with  the  P— SC2H5  group.  The  IR  spectra  of  the  phosphinlc  compounds  were  obtained  only  with  prisms  of  sodium 
chloride  and  lithium  fluoride  and,  therefore,  we  were  unable  to  observe  the  P  =  S  frequencies,  which  lay  beyond 
the  limits  of  the  region  of  the  sodium  chloride  prism.  However,  the  thiol  and  thione  isomers  (21-24)  of  these 
compounds  were  also  readily  distinguished  in  the  region  of  1200  cm”*,  where  the  thiol  Isomers  had  intense  doublet 
bands  corresponding  to  the  P  =  O  bond.  The  doublet  character  of  the  P  =  S  and  P  =  O  bands  In  the  spectra  of 
these  compounds  is  probably  connected  with  the  presence  of  rotation  Isomers, 

Thus,  It  may  be  assumed  that  with  trlalkyl  thlonephosphates,  frequencies  in  the  region  of  610  cm”*  may  be 
assigned  to  the  P  =  S  group,  and  with  esters  of  alkylphosphinlc  acids,  frequencies  in  the  region  of  580  cm”*.  It 
is  Interesting  to  note  that  the  spectrum  of  sodium  diethylthlophosphate  (25)  showed  a  band  at  606  cm”*;  according 
to  the  data  of  Gore  [1],  the  spectrum  of  the  potassium  salt  also  has  a  band  in  this  region.  The  spectra  of  the  sodium 
salts  of  the  ethyl  esters  of  methyl-  and  ethylthiophosphlnic  acids  (26,  27)  had  bands  at  584  and  578  cm”*.  These 
bands  are  probably  connected  with  the  thione  structure  of  these  salts. 

The  frequency  of  the  P  =  S  bond  of  tetraethyl  thionepyrophosphate  also  remained  practically  constant.  It 
equalled  606  cm”*  (28)  in  the  IR  spectrum  and  609  cm”*  in  the  R  spectra  [15],  Bands  were  not  observed  in  this 
region  in  the  vibration  spectra  of  the  corresponding  oxygen  pyrophosphates, 

Henglein,  Schrader  and  Muhlman  [5]  investigated  the  IR  spectra  of  diethyl- Oethylmercaptoethylthione phos¬ 
phate  and  its  thiol  isomer  in  the  NaCl  region.  The  authors  found  an  essential  difference  in  the  spectra  only  in  the 
region  of  1255  cm”*,  where  there  was  intense  absorption  in  the  case  of  the  compound  with  the  P  =  O  group,  and 
there  was  no  appreciable  absorption  in  tills  region  in  the  case  of  the  P  =  S  group.  We  obtained  the  R  spectra  of 
these  substances  (XV,  XVI)  and  found  that  the  thione  isomer  had  lines  at  607  and  651  cm”*  in  the  region  interest¬ 
ing  us,  and  the  thiol  isomer  had  a  line  at  651  cm”*  only.  Evidently,  the  line  at  607  cm”*  may  be  assigned  con¬ 
fidently  to  the  P  =  S  bond,  as,  first,  it  is  absent  from  the  spectrum  of  the  Isomer  and,  second,  it  agrees  in  frequency 
with  the  P  =  S  frequencies  of  trialkyl  thlonephosphates  with  the  same  nearest  surroundings  at  the  phosphorus  atom. 
The  line  at  651  cm”*  probably  belongs  to  the  — CH2CH2SC2H5  group.  In  the  region  of  the  P  =  O  frequencies,  the 
R  spectra  also  showed  a  difference  analogous  to  that  in  the  IR  spectra:  the  thiol  Isomer  had  a  line  at  1249  cm”*, 
which  was  absent  from  the  spectra  of  the  tliione  isomer. 

Vibration  spectra  of  organodithiophosphorus  compounds.  The  IR  spectrum  of  diethylthionethiolphosphoric(29) 
and  dimethylthionethiolphosphoric  acid  [9]  showed  intense  bands  with  a  frequency  of  654  cm”*  and  the  R  spectrum, 
at  653  cm”*  (XVII),  which  were  absent  from  the  spectra  of  diethylphosphorlc  acid  (30)  and,  according  to  the  data 
of  Daasch  and  Smith  [2],  from  the  spectrum  of  methylethylphosplioric  acid.  It  is  extremely  probable  that  the  band 
at  654  cm”*  is  caused  by  the  presence  of  the  P  =  S  group  in  this  molecule. 
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TABLE  2 


Vibration  Frequencies  of  the  P  =  S  Group  in  Various  Types  of 
Thlophosphorus  Compounds 


Type  of  compound 

Frequency, 

cm”' 

Type  of  compound 

Frequency, 

cm"' 

Cl\ 

Cl-iP-=S 

C|/ 

750 

ROn 

RO^P=S 

r/ 

580 

Cl\ 

CI-3P=S 

U()/ 

700 

Cl\ 

Cl-^P=S 

r,n/ 

670 

Cl\ 

R(Ap=S 

no/ 

r,r.o 

RO\ 

RO-^P=S 

run/ 

040 

ROv. 

RO-^P=S 

RO/ 

f)in 

ROv 

RO^P=S 

lis/ 

650 

ci\ 

CI-P-^S 

r/ 

•)(55 

RO\ 

R()_P=!S 

RS' 

(;oo 

Cl\ 

JCO-^P=:S 

R" 

020 

RO, 

R()^P=S 

H' 

030 

Other  dithiophosphates,  whose  molecules  contained  the  skeleton  'P'  ,  had  Intense  bands  In  this  re- 

^S-C 

glon  both  in  the  IR  and  In  the  R  spectra,  but  the  character  of  these  bands  was  more  complex.  Thus,  the  IR  spectra 
of  trlethyl  thlonethiolphosphate  (31)  and  trimethyl  thlonethiolphosphate  [9]  contained  doublet  bands  at  655  and 
666  cm“^  and  the  R  spectrum  of  triethyl  thlonethiolphosphate  (XVin)  had  a  broad,  intense  line  at  654  cm"^;  the 
IR  spectrum  of  0,0-dlethyl-S-ethylmercaptoethyl  dithiophosphate  (32)  had  lines  at  651  and  660  cm"^,  and  the 
R  spectrum  (XIX)  at  652  cm~^.  The  IR  spectra  of  compounds  (33  and  34)  showed  bands  at  665,  667,  and  656  and 
669  cm”^,  respectively.  It  seems  to  us  that  the  presence  of  the  doublet  bands  may  be  explained  by  the  closeness 
of  the  frequencies  connected  largely  with  the  P  =  S  and  P— SCjHs  or  P—SCHjCHjSCjHg  groups.  For  example,  in 
the  spectra  of  the  thiolphosphorus  compounds  investigated,  the  P— SR  frequencies  were  in  the  region  of  635-654cm“^ 
and  the  same  region  contained  the  P  =  S  frequencies  of  the  dithiophosphates  (spectra  of  dlalkyldithiophosphoric 
acids).  In  assigning  substances  to  the  thiol  or  thlone  series  by  means  of  vibration  spectra,  it  is  necessary  to  con¬ 
sider  the  possibility  of  the  appearance  of  Intense  bands  in  the  region  of  P  S  frequencies,  but  connected  with  the 
presence  of  the  P—  SR  group. 


Let  us  examine  the  R  spectrum  of  diethyl  thlophosphite  (XX).  The  spectrum  has  lines  at  2407  and  633  cm~^, 
where  the  first  is  the  characteristic  frequency  of  the  P  =  H  bond  [8 ,  16],  and  the  second  line  evidently  belongs  to 
the  P  =  S  bond,  since  no  bands  are  present  in  this  region  in  the  spectra  of  dialkyl  phosphites  [8].  In  the  IR  spectra 
of  dimethyl  and  diethyl  thlophosphite,  presented  in  the  work  of  Mclvor,  Grant  and  Hubly  [9],  there  are  bands 
with  the  frequency  of  636  cm"^,  which  are  absent  with  the  compounds  (RO)iPOH,  where  R  =  CHs,  C2H5,  n-CsHj, . 
ISO-C3H7,  and  n-C^H,. 

In  conclusion,  the  authors  would  like  to  express  their  deep  gratitude  to  L.  S.  Mayants  for  participating  In 
the  discussion  of  this  work,  and  for  his  valuable  advice. 


SUMMARY 

The  compounds  Investigated  showed  bands,  connected  with  the  P  =  S  group.  In  the  region  750-580  cm”'. 
The  frequency  of  the  normal  molecular  vibration,  in  which  the  P  =  S  group  participates,  was  very  liable  to  con¬ 
stitutive  effects,  in  which  each  type  of  substituent  changed  the  frequency  by  a  definite  value.  The  frequencies 
ascribed  to  the  P  =  S  group  (Table  2)  only  retain  constant  values  when  the  nearest  surroundings  of  the  central 
phosphorus  atom  remain  the  same. 

Bonds  and  angles,  not  having  a  common  atom  with  the  P  =  S  group,  played  little  part  In  the  given  vibration 
and  hardly  affected  the  frequency.  We  will  make  the  final  conclusion  in  this  respect  after  calculation  of  the 
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normal  vibrations  of  the  molecules,  the  quantitative  determination  of  the  characteristics  of  this  vibration  with 
respect  to  frequency  and  form,  and  a  numerical  analysis  of  the  dependence  of  frequency  on  the  force  and  kine¬ 
matic  parameters  of  the  molecule  on  the  basis  of  the  theory  of  characteristic  frequencies  [18]. 
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It  was  previously  stated  [1]  that  little  consideration  has  been  given  in  the  literature  to  the  problem  of  the 
reaction  of  nitrosyl  chloride  with  mono-  and  unsymmetrical  disubstituted  ethylenes.  In  order  to  broaden  our  ideas 
on  the  effect  of  substituents  at  the  ethylene  bond  on  the  direction  of  this  reaction,  an  investigation  was  made  of 
the  interaction  of  nitrosyl  chloride  with  a -methylstyrene. 

As  in  previous  investigations  [1],  the  reaction  was  carried  out  in  ether  solution  with  equimolecular  amounts 
of  reagents  or  with  a  slight  excess  of  nitrosyl  chloride,  and  at  a  ratio  of  3-4  ml  of  ether  to  1  g  of  NOCl.  The  re¬ 
action  products,  which  were  a  green  liquid  with  lachrimatory  properties,  yielded  a  mixture  of  two  unsaturated 
monochlorides,  which  could  not  be  separated  by  distillation,  namely  l-chloro-2-phenylpropene-l  (I)  and  1-chloro- 
-2-phenylpropene-2  (II),  and  also  l,2-dlchloro-2-phenylpropane  (HI)  and  l-nltro-2-phenylpropene-l  (IV).  The 
presence  of  acetophenone  in  several  narrow  fractions  was  demonstrated. 

The  bulk  of  the  reaction  products  was  formed  by  the  mono-  and  dihalogen  derivatives  (I),  (U),  and  (III), 
which  indicates  the  predominance  of  the  chlorinating  action  of  nitrosyl  chloride  on  a -methylstyrene. 

l-Chloro-2-phenylpropene-l  (I)  was  most  probably  obtained  as  a  result  of  the  elimination  of  hydrogen  chlo¬ 
ride  fro  m(IIl)  and  (II),  by  chlorination  of  a- methylstyrene  according  to  the  L’vov- Tishchenko  scheme  [2]: 

^  CflllB-CCl-CHaCl  CeH6-C=CHCl 

n,H,-c=CH,  ch,  <■">  ’  on,'" 

Cfills-C-CIIzCl 

II 

CII2  (li) 

After  many  unsuccessful  attempts  to  separate  individual  monochlorides  from  the  mixture  by  distillation,  we 
ozonized  the  fraction  containing  the  monochlorides.  Among  the  ozonolysis  products  we  found  hydrogen  chloride, 
formaldehyde,  formic  acid,  acetophenone,  and  chloroacetophenone: 


C6H5-G-=CHGi 

CH3  O.  Gells-GO-GIlg  +  HCl  +  GO 

Gells— G-GII2GI  Gells-GO— GH2GI  -|-  HGIIO  +  IFGOUII 

GU2 


We  obtained  slightly  less  chloroacetophenone  than  acetophenone  and,  consequently,  the  mixture  of  chlorides 
contained  slightly  less  of  the  allyl  chloride  (II)  than  of  (I).  Calculation  of  the  amount  of  allyl  chloride  (II)  in  the 
mixture  from  the  amounts  of  formaldehyde  and  formic  acid  found  gave  a  content  of  43%  (II)  in  the  mixture. 
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Similar  results  were  obtained  by  hydrolysis  of  the  monochloride  fraction  with  alcoholic  alkali.  When  the 
mixture  of  monochlorides  was  heated  with  0.1  N  alcohol  solution  of  KOH  for  1,5  hours,  45%  of  the  total  chlorine 
was  hydrolyzed,  l,e,,the  amount  of  chlorine  corresponding  to  the  allyl  chloride  (II)  content  of  the  mixture. 

The  formation  of  (IV)  may  be.  explained  in  the  following  way.  The  first  reaction  product,  the  nltrosochlo- 
rl  ie(V),was  oxidized  by  nitrosyl  chloride  to  2-chloro-l-nltro-2-phcnylpropane  (VI),  Compound  (VI)  contained  a 
very  labile  chlorine  atom  and  readily  lost  hydrogen  chloride  on  distillation  of  the  reaction  products. 


r^H5-(;==cii2 

I 

(Ml, 


NO('l 


(:„H6-i:(tM)-(Mi.,N() 

1 

NO(',| 

(',,II5-C((’,I)-(MI2N()2 

1 

(V) 

-IKl 


(VI) 


('.„llr,— C=-CIIN()2 
'  ■  I 
(MI, 

(IV) 

It  Is  known  [3]  that  when  heated  in  the  presence  of  water,  nltroolefins  may  be  hydrolyzed  to  carbonyl  com¬ 
pounds,  It  is  extremely  probable  that  the  occurrence  of  acetophenone  in  the  reaction  products  was  caused  by  hy¬ 
drolysis  of  (IV)  during  distillation. 

(VjHji-C^CIlNOz  Cfillsr/HMla  +  tMlaNOj 

I 

CII3 

According  to  Priebs  [3],  phenylchloroacetic  acid  Is  obtained  when  8 -nitrostyrene  is  heated  with  hydrochloric 
acid.  Under  these  conditions,  2-chloro-2-phenylpropionlc  acid  should  be  obtained  from  (IV),  The  products  of  the 
reaction  of  (IV)  with  hydrochloric  acid  yielded  an  acid  whose  melting  point  and  neutralization  equivalent  were 
close  to  those  expected  for  2-chloro-2-phenylpropionic  acid. 

Hydrogenation  of  (IV)  on  a  palladium  catalyst  gave  l-nitro-2-phenylpropane.  Hydrogenation  on  Raney 
nickel  catalyst,  and  also  reduction  with  zinc  amalgam,  was  accompanied  by  elimination  of  the  nitro  group. 

In  conclusion,  mention  should  be  made  of  the  determining  effect  of  the  experimental  conditions  on  the 
direction  of  the  reaction.  While  under  our  conditions  the  main  reaction  products  were  chlorination  products  of 
ot- methylstyrene,  which  did  not  contain  nitrogen,  and  the  crystalline  nltrosochloride  was  not  formed  at  all,  the 
latter  was  the  main  product  if  the  reaction  with  a- methylstyrene  was  carried  out  without  solvent,  and  the  nitrosyl 
chloride  was  prepared  in  the  reaction  sphere  from  amyl  nitrite  and  hydrochloric  acid  [5], 


EXPERIMENTAL 

g  -  Methylstyrene ,  Crude  dimethylphenylcarbinol,  obtained  by  a  Grignard  reaction  from  phenylmagneslum 
bromide  and  acetone,  was  distilled  at  normal  pressure  in  the  presence  of  iodine.  The  hydrocarbon  was  separated 
from  the  water,  washed  with  hydrosulfate  solution  and  water,  dried  with  baked  potassium  carbonate,and  vacuum 
distilled  on  a  column  of  12  theoretical  plates.  A  fraction  of  a- methylstyrene  was  collected  with  b,p,  65-66*  at 
23  mm,  and  d*’’^  0.9131  and  n*®D  1.5357.  According  to  data  in  [6J,  the  b.p.  is  161.6*  at  760  mm,  d*®^  0.9096,  and 
n*®D  1.5363. 

Nitrosyl  chloride  was  obtained  by  the  reaction  of  a  saturated  solution  of  sodium  nitrite  with  concentrated 
hydrochloric  acid  [7],  heated  to  boiling  for  30-40  minutes  under  a  reflux  condenser  cooled  with  solid  carbon  di¬ 
oxide  and  alcohol  (—40  to  —50*),  and  then  distilled. 

Interactionofg- methylstyrene  with  nitrosyl  chloride.  To  a  stirred  mixture  of  243  g  (2.06  mole)  of  hydro¬ 
carbon  and  170  ml  of  dry  ether,  cooled  to  —16*,  was  added  a  solution  of  145  g  (2,21  mole)  of  nitrosyl  chloride  in 
250  ml  of  dry  ether,  cooled  with  a  mixture  of  ice  and  salt,  over  a  period  of  50  minutes.  The  temperature  of  the 
reaction  mixture  rose  to  —10*  during  this,  rose  to  +8*  after  a  further  15  minutes,  and  then  fell  to  —14*  in  the  sub¬ 
sequent  35  minutes.  The  reaction  mixture  was  left  overnight.  The  next  day,  the  reaction  products  were  an  in¬ 
tense  green  liquid  with  a  sharp  lachrimatory  smell.  The  ether  solution  of  the  reaction  products  was  washed  several 
times  with  water  and  dried  with  calcium  chloride,  the  ether  removed  on  a  water  bath,  and  the  residue  vacuum 
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distilled  from  a  flask  with  a  small  fractionating  head,  at  first  on  a  water  and  then  on  a  metal  bath.  At  the  end  of 
the  distillation,  we  observed  partial  decomposition  of  the  substance  with  the  liberation  of  hydrogen  chloride,  which 
was  accompanied  by  some  increase  in  pressure  in  the  apparatus.  A  total  of  135  g  of  reaction  products  distilled  and 
a  dark  viscous  tar  remained. 

As  a  result  of  many  vacuum  distillations  on  a  column  of  12  theoretical  plates,  fractions  with  the  following 
boiling  points  were  obtained:  1st  in  the  range  31-55*  at  4mm,  12.8  g;  2nd,  48-57*  at  3  mm,  8.7  g;  3rd,  a  series 
of  fractions  in  the  range  57-61*  at  3  mm,  a  total  of  20.0  g;  4th,  61-63*  at  3  mm,  12.5  g;  5th,  63-65*  at  3  mm, 
10.9  g:  6th,  65-81,5*  at  3  mm,  4,3  g;  7th,  81,5-82.0*  at  3  mm,  5.7  g;  8th,  93-115*  at  4  mm,  5,9  g;  9th,  115 
to  121*  at  4  mm,  6.1  g;  10th,  121-123*  at  4  mm,  8.6  g. 

Investigation  of  Reaction  Products 

1st  fraction:  the  bulk  of  the  substance  boiled  below  34*  at  4  mm.  The  colorless  liquid  with  the  smell  of 
a -methylstyrene  did  not  contain  chlorine,  decolorized  a  solution  of  potassium  permanganate,  and  contained  a 
small  amount  of  a  carbonyl  compound  (small  precipitate  with  2,4-dinltrophenylhydrazlne),  The  fraction  was  a- 
-  methylstyrene  with  a  small  amount  of  acetophenone, 

2nd  fraction:  the  colorless  liquid  with  a  slightly  lachrimatory  smell  contained  chlorine  and  a  carbonyl  group. 
With  a  solution  of  semlcarbazlde  it  gave  a  precipitate  of  a  semicarbazone  with  m.p.  194-194.3*  (from  water).  A 
mixed  melting  point  with  the  semicarbazone  of  acetophenone  (m.p.  198*  [8])  was  not  depressed.  A  quantitative 
determination  of  the  carbonyl  compound  in  the  fraction  by  the  oximatlon  method  [9]  indicated  22.55  and  22.59% 
of  acetophenone.  Analysis  for  the  chlorine  content  showed  that  the  fraction  contained  78%  of  monochlorides,  cal¬ 
culated  on  the  formula  CgHgCl. 

Found  %:  Cl  18.10,  18 .18.*  C9H9CI. 

Calculated  %:  Cl  23.30. 

The  fraction  was  a  mixture  of  monochlorides,  CpHgCl,  with  acetophenone. 

The  3rd  fraction  had  n^^D  from  1.5421  to  1.5567.  The  substance  contained  chlorine  and  a  carbonyl  group. 
The  fraction  yielded  a  2,4-dlnltrophenylhydrazone  with  m^).  244,5-245*,  a  mixture  of  which,  with  the  authentic 
2,4-dlnitrophenylhydrazone  of  acetophenone  (m.p,  249*  [8]),  melted  without  depression. 

The  fraction  was  a  mixture  of  monochlorides,  C9H9CI,  with  acetophenone. 

4th  fraction:  n*®D  1.5612-1,5624.  This  was  a  mixture  of  monochlorides  with  an  insignificant  amount  of 
low- boiling  fractions  (see  fraction  5). 

The  5th  fraction  was  a  yellowish  green  liquid  with  a  sharp  lachrimatory  smell,  was  insoluble  in  water,  and 
decolorized  a  carbon  tetrachloride  solution  of  bromine. 

d*®4  1.0901,  n*®D  1.5628,  MRq  45.46;  calc.  44.66. 

Found  %.  Cl  23.09  ,  23.22.  CjHjCl. 

Calculated  %c  Cl  23.30. 

Ozonlzation  of  5th  fraction.  A  solution  of  6  g  of  material  in  27  ml  of  chloroform,  cooled  to  —15*,  absorbed 
2.014  g  of  ozone  in  4  hours;  one  double  bond  required  1.895  g  of  ozone. 

After  removal  of  the  chloroform  in  vacuum,  the  ozonides  were  decomposed,  at  first  in  the  cold  and  then 
with  heating.  The  oily  layer,  combined  with  ether  extracts  from  the  aqueous  layer,  yielded  the  following  fractions: 
a)  b.p.  up  to  58*  at  4  mm,  0.4  g,  n*®D  1.5335;  b)  58-59*  at  4  mm,  1.0  g,  n*®D  1.5350;  c)  96*  at  4  mm,  1.4  g. 

The  last  fraction  rapidly  crystallized  and  had  m.p.  49-50*. 

Fractions  ^  and  b  were  colorless  liquids ,  containing  traces  of  chlorine ,  and  gave  reactions  for  a  carbonyl 
group.  Fraction  £  yielded  a  semicarbazone  with  m.p.  195-196*  (from  water),  undepressed  by  admixture  with 
authentic  acetophenone  semicarbazone.  Fraction  b  yielded  a  2,4-dlnitrophenylhydrazone  with  m.p.  230-231* 

(from  glacial  acetic  acid).  A  mixture  with  authentic  acetophenone  2,4-dinltrophenylhydrazone  melted  at  238  to 
239*. 


•All  the  chlorine  analyses  were  carried  out  by  Korshun*s  method. 
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Fraction  c  formed  white  crystals  with  a  sharp,  lachrlmatory  smell.  The  substance  contained  chlorine  and  a 
carbonyl  group.  The  2,4-dlnltrophenylhydrazone  formed  fine  brown  crystals  with  m,p,  205,5-206,5*  (with  decomp,). 

Found  ‘7o:  N  17,03,  16,52,  C,4Hii04N^l, 

Calculated  N  16,74. 

The  substance  was  chloroacetophenone.  According  to  data  In  [10],  the  b,p.  Is  140*  at  15  mm,  the  m.p.  60*, 
and  the  2,4-dlnltrophenylhydrazone  has  m.p,  212*, 

The  aqueous  layer  of  the  ozonlzatlon  products  contained  Ionic  chlorine,  formaldehyde,  and  formic  acid. 

The  solution  was  found  to  contain  0.107  g  of  formaldehyde,  which  formed  a  dlmedone  derivative  with  m,p,  192 
to  192.5*  (from  alcoliol),  and  a  mixture  of  this  with  authentic  dlmedone  derivative  of  formaldehyde  melted  at 
191-192*. 

The  amount  of  formaldehyde  and  formic  acid  corresponds  to  the  mixture  containing  2,58  g  (43*70)0!  the  allyl 
chloride,  1  -chloro-2-phenylpropene-2  (0.55  g  from  the  formaldehyde  and  2,03  g  from  the  formic  acid). 

The  results  of  ozonlzatlon  show  that  the  fraction  with  b,p.  63-65*  at  3  mm  was  a  mixture  of  l-chloro-2- 
-phenylpropene-1  (I)  and  l-chloro-2-phenylpropene-2  (II), 

According  to  data  in  [11],  l-chloro-2-phcnylpropene-2  has  b,p,  87-88*  at  5  mm,  d*®4  1,0820,  n*®D  1,5550; 
according  to  data  in  [10],  l-chloro-2-phenylpropene-l  has  b.p,  102-106*  at  14  mm. 

Hydrogenation  of  5th  fraction.  When  3  g  of  substance  was  hydrogenated  In  50  ml  of  alcohol  over  a  palladium 
catalyst,  the  hydrogenation  rate  fell  by  a  factor  of  two  and  began  to  decrease  rapidly  when  415  ml  of  hydrogen 
had  been  absorbed  (one  double  bond  requires  440  ml).  A  total  of  588  ml  of  hydrogen  (0*,  760  mm)  was  absorbed. 
The  alcohol  solution  yielded  0,7  g  of  Isopropylbenzene: 

d*“4  0.8683,  n*®D  1.4932,  MRd  40.24;  calc.  40.38.  According  to  [12],  d*"4  0.8640,  n*®D  1.4932. 

The  6th  fraction  was  a  mixture  of  monochlorides  and  dlchlorlde. 

The  7th  fraction  was  a  colorless,  transparent  liquid,  which  darkened  on  storage  and  was  Insoluble  In  water. 
During  distillation  of  a  preparation  that  had  been  stored  for  a  long  period,  the  presence  of  lower-boiling  products 
(66-70*  at  3  mm),  and  the  evolution  of  hydrogen  chloride  were  always  observed. 

d*®4  1.1843,  n*®D  1.5457,  MRq  50.58;  calc.  49.94. 

Found  *70:  Cl  34,36,  34.62.  CgHigCl}. 

Calculated  *70:  Cl  37.50, 

In  another  experiment,  a  dlchlorlde  fraction  with  b.p.  70-72*  at  2  mm  was  Isolated. 

d*®4  1.1824,  n*®D  1.5470. 

Found  *70:  Cl  37.21,  37.10.  CgHioClj. 

Calculated  ‘Tx  Cl  37,50, 

A  sample  of  the  material  was  hydrolyzed  In  the  presence  of  barium  carbonate,  and  prolonged  extraction  of 
the  aqueous  layer  of  reaction  products  yielded  a  small  amount  of  an  oil  which  did  not  contain  chlorine,  and  which 
partially  crystallized.  After  being  dried  on  a  porous  plate,  the  crystals  melted  at  47-49*.  The  nature  of  the  oil 
could  not  be  established.  According  to  [13],  2-phenylpropanedlol-l,2  has  m4).  44*. 

The  7th  fraction  was  l,2-dichloro-2-phenylptopane  (III)  with  traces  of  the  monochlorides  (I)  and  (II), 

The  8th  fraction  was  a  mixture  of  dlchlorlde  (III)  and  the  unsaturated  nitro  compound  (IV);  n*®D  1,5518  to 
1,5683. 

The  9th  fraction,  with  n*®D  1,5758,  was  mainly  the  unsaturated  nitro  compound  (see  fraction  10), 

The  10th  fraction  was  a  viscous  yellow  liquid  with  a  sharp  lachrlmatory  smell,  which  was  Insoluble  In  water, 
but  dissolved  readily  In  alkalies.  It  decolorized  a  solution  of  bromine  In  carbon  tetrachloride  and  an  acetone  solu¬ 
tion  of  potassium  permanganate. 
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d”4  1.1527,  n“D  1.5803,  MR^  47.08j  calc.  45.51. 

Founds  N  8.26,  8.29.  CjHjOiN. 

Calculated  %  N  8.59. 

The  substance  did  not  change  during  long  storage.  Reduction  with  zinc  amalgam  in  hydrochloric  acid  was 
accompanied  by  elimination  of  the  nitro  group  and  hydroxylamlne  and  ammonia  were  detected  in  the  reaction 
products.  Elimination  of  the  nitro  group  also  occurred  during  hydrogenation  over  Raney  nickel. 

The  fraction  with  b.p.  121-123*  at  4  mm  was  l-nltro-2-phenylpropene-l  (IV). 

Hydrogenation  of  the  10th  fraction  into  l-nitro-2-phenylpropane.  When  1.85  g  of  substance  in  50  ml  of  an¬ 
hydrous  alcohol  was  hydrogenated  at  room  temperature  over  a  palladium  catalyst,  205  ml  of  hydrogen  (0*,  760  mm) 
was  absorbed  over  a  period  of  19  hours.  One  double  bond  required  248  ml  of  hydrogen.  The  alcohol  solution 
yielded  0.7  g  of  l-nltro-2-phenylpropane  as  a  colorless  liquid  with  a  slightly  pungent  smell. 

d*“4  1.1099,  n”D  1.5392,  MRp  46.63;  calc.  45.99. 

Found ‘fe  N  8.53  ,  8.28.  CjHnOjN. 

Calculated  %  N  8.48. 

The  hydrogenation  product  did  not  decolorize  a  solution  of  bromine  in  carbon  tetrachloride,  and  gave  a 
Konovalov  reaction  for  a  primary  nitro  group  [14], 

Conversion  of  l-nltro-2-phenylpropene-l  (IV)  into  a  carboxylic  acid.  5.6  g  of  the  substance,  and  40  ml  of 
hydrochloric  acid  (d  1.19)  were  heated  in  a  sealed  ampule  on  a  boiling  water  bath  for  6  hours.  The  aqueous  layer 
and  the  dark  oily  layer  were  treated  separately.  A  crystalline  substance  was  extracted  from  the  aqueous  layer 
with  ether.  After  recrystalllzatlonfromllgroine(b.p.  up  to  60*),  the  substance  (0.2  g)  had  m.p.  80-81*.  A  Bell- 
stein  test  for  halogen  was  positive.  The  neutralization  equivalent  was  determined  by  a  micromethod. 

Found:  equiv.  170.9,  171.6.  CeH^Cl(CH3)COOH. 

Calculated:  equiv.  184.6.  C8H^(OHXCHjX:OOH. 

Calculated:  equiv.  166.1. 

According  to  [15],  a-chloro-a-phenylproplonlc  acid  has  m.p,  75-76*,  and  according  to  [16],  a-hydroxy-a- 
-phenylpropionic  acid  has  m.p.  94-95*. 

The  aqueous  solution  was  evaporated  to  dryness  and  in  the  solid  residue  were  identified  hydroxylamlne  hy¬ 
drochloride  and  ammonium  chloride  (formation  from  hydroxylamlne,  see  [17]). 

The  oily  layer  was  treated  twice  with  sodium  carbonate  solution  with  heating  on  a  water  bath  and  the  soda 
extracts  were  boiled  with  bone  charcoal,  filtered,  and  acidified  with  dilute  sulfuric  acid.  The  acid  solution  was 
extracted  with  ether,  the  ether  evaporated,  and  the  dry  residue  recrystallized  from  ligroine.  We  obtained  0.1  g 
of  white,  star-like  crystals  with  m.p.  108.5-109.5*.  A  Beilstein  test  for  halogen  was  positive.  The  neutralization 
equivalent  was  found  to  be  greater  than  that  required  for  oc-phenylacrylic  acid.  According  to  [18],  <x-phenylacrylic 
acid  has  m.p,  106-107*. 


SUMMARY 

1.  The  interaction  of  nitrosyl  chloride  with  a -methylstyrene  in  ether  solution  yielded  as  the  main  products 
l-chloro-2-phenylpropene-l,  l-chloro-2-phenylpropene-2,  and  l,2-dichloro-2-phenylpropane.  The  reaction 
products  were  also  found  to  contain  l-nltro-2-phenylpropene-l  and  acetophenone.  An  explanation  is  given  for 
the  formation  of  these  compounds. 

2.  The  composition  of  the  products  isolated  indicates  that,  under  the  conditions  described  for  the  reaction 
with  a -methylstyrene,  nitrosyl  chloride  acts  mainly  as  a  chlorinating,  and  partly  as  an  oxidizing,  agent. 
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The  aim  of  the  present  work  was  to  study  the  chlorination  of  the  anilide,  toluidides,  and  anisidides  of  meth- 
anesulfonlc  acids.  As  experiments  showed,  the  anilide  was  chlorinated  with  the  formation  of  the  2,4-dichloro- 
anllide,  both  in  the  case  of  the  anilides  of  ethane-  and  butanesulfonic  acids  [l]t  the  reaction  gave  better  yields 
in  the  presence  of  ZnOj  the  p'-toluldide  was  chlorinated  to  the  tetrachloro-p-toluldide,  but  in  this  case  the  pres¬ 
ence  of  ZnO  hindered  the  reaction.  During  chlorination  of  the  o-toluidide,  in  the  first  5  minutes  rapid  formation 
and  separation  of  the  crystalline  monochloro-o-toluidide  was  observed;  with  an  increase  in  the  chlorination  time 
(up  to  45  minutes),  a  mixture  of  the  mono-  and  tetrachloro-p-toluldldes  was  formed.  Chlorination  of  the  o-  and 
p-anlsidldes  led  to  the  dichloroanlsidides;  here,  the  side  products  formed  were  tetrachlorobenzoquinone,  in  the 
case  of  the  p-anisldide,  and  the  tetrachloro-o-anlsldlde,  in  the  case  of  the  o-anisidide.  The  results  described 
were  obtained  by  chlorination  with  gaseous  chlorine.  If  the  same  chlorination  were  carried  out  with  a  solution 
of  chlorine  in  dichloroethane ,  with  ratios  of  chlorine  to  starting  toluidide  of  1:1, 1:2,  1:3,  and  1:4,  then  the  main 
products  from  the  chlorination  of  the  p-  and  o-toluidides  were  the  monochlorotoluidides  with  the  best  yields  at 
a  reagent  ratio  of  1:2;  in  this  case,  the  tetrachlorotoluidides  were  formed  as  side  products  in  very  small  amounts. 
When  the  anisidides  were  chlorinated  by  the  same  method,  the  same  dichloroanlsidides  were  formed,  but  in  the 
case  of  the  p-anisidide,  the  yields  were  lower. 


The  position  of  the  chlorine  in  the  nucleus  in  the  chlorination  products  obtained  was  demonstrated  by  hy¬ 
drolysis  to  the  corresponding  amine,  but  this  was  not  conclusive  in  all  cases  since  the  Isomeric  monochloro-o- 


-toluidines  and  their  N- acetyl  derivatives  have  very  similar  constants,  for  example; 

Glia 

m.p.  139-140*,  and  2)  CHaCONHv^  m.p.  140*. 


CHa 

1)  CH3CONH/ _ ^ 

Cl 


Assuming  that  in  the  p-toluidide,  the  chlorine  was  oriented  by  the  alkylsulfonamido  group  (consequently, 
in  the  o-toluidlde,  also),  we  consider  that  the  monochloro-o-toluldlne  we  obtained  by  hydrolysis  most  probably 
had  the  structure  (2).  Hydrolysis  of  the  chloro-o-anisldide  yielded  a  dlchloro-o-anlsldine,  which  is  not  described 
in  the  literature.  Analysis  data  and  the  constants  of  the  substances  obtained  are  given  in  Table  1. 

EXPERIMENTAL 

Chlorination  of  methanesulfonanilide.  The  solvent  used  was  dichloroethane,  in  which  N-arylamides  of 
methanesulfonlc  acid  are  more  soluble  than  in  CCI4,  which  we  used  in  the  chlorination  of  the  N-arylamldes  of 
other  alkanesulfonic  acids.  To  a  solution  of  2  g  of  anilide  in  10  ml  of  dichloroethane  was  added  0.93  g  of  ZnO 
and  a  moderate  stream  of  chlorine  passed  in  (through  a  bottle  with  H2SO4)  with  cooling  to  from  0-5*  for  45  minutes. 
At  the  end  of  the  reaction,  the  mixture  was  left  until  the  following  day.  Evaporation  of  the  dichloroethane  left 


TABLE  1 


Formula  and  name  of 
chloro  derivatives  of 
N-arylamidesof  meth 
sulfonic  acids 
(R  =  CHjSOiNH-) 


Cl 

> _ 

R-if  ^)-Ci 

2 ,4-  Dichloroanilide 
Cl 


Empirical 

•/. 

N 

•/. 

Cl 

formula 

1 

y  found 

J 

73 

0 

a 

a 

.0 

114-115°  C,H,0,CI.NS  5.78  5.85 


R-^ _ ^-CH, 

3-Chloro-p-toluidlde 


^ _ ^-CH,  103—105  c,H„o,ciNS  6.04  6.37 


CH. 

^-Cl 

5-Chloro-o-toluldlde 


146—147  C,H|„0,CINS  6.07  6.37 


Cl  Cl 

\  / 

^^-CH,  154—156  C,H,0,CI,NS  4.43  4.33 

Cl  Cl 

Tetrachloro-  p-  toluidlde 
CH.  Cl 

178—180  C,H,o,Cl4NS  4.50  4.33 

Cl  Cl 

Tetrachloro‘0- toluidlde 
Cl 

^-OCH,  172—174  c,H,o,cirf<S  5.02  u5.18 

'bl 

2,5-Dichloro-p- 

-anisidlde 

Cl  Cl 

o_/““\_o  290 

(with 

Cl  Cl  decomp 

T  etr  ach  lorobe  nzo  - 
quinone 

R— C,H,Cl,OCH,  131—133 

Dichloro-o-anisidide 
OCH,  Cl 

S — / 

R-=f^>-Cl  168-171 

Cl  \i 

Tetrachloro-o- 
-anisidide 


131-133  C,H,0,CI.NS  5.34  5.I8  1 26.381  26.35 


168-171  I  C,H,O.CLNS,|  4.26  |  4.13  |  41.821  41.88 


TABLE  2 


Time 

Molar  ratio 

Reaction  products  isolafed  (in 

chlorine 
passed 
(in  min) 

of  toluidide 
to  chlorine 

Reaction 

temperature 

monochloro' 

-p-toluldide 

tetrachloro- 
-p -toluidide 

monochloro- 

-o-toluldide 

tetrachloro- 
-o -toluidide 

5 

I  :  5.5 

18—0° 

■ 

95.5 

15 

1  :  16.5 

12-4 

— 

24.2 

57.8 

Traces 

15 

1 :  16.5 

9-2 

Tjaces 

33.8 

51.1 

12.1 

30 

1  :33 

13-0 

42.3 

30.3 

— 

30 

1 :  33 

8-0 

56.5 

47.8 

19.0 

45 

1  :  49.5 

9-0 

• 

42.3 

29.8 

Traces 

45 

1  :  49.5 

15-7 

36.5 

47.2 

11.3 

TABLE  3 


Amt.  of 
chlorine 
(in  g) 

Molar  ratio 
of  reagents 

Reaction 

temp. 

Reaction  pro 
_ (lfl.7 

m.onochloro- 
=p- to!  Ilf  Hide 

ducts  isolated 
)) 

monochloro- 

-o-toluidlae 

0.76 

1 :  1 

20° 

62 

50 

1.52 

1  :  2 

21—22 

79 

66.7 

2.28 

1  :  3 

23—24 

70 

59.7 

3.04 

1  :4 

21—23 

.50 

1  45,8 

i 

TABLE  4 


Chlorina¬ 
tion  tlrne 
(in  min) 

Molar  ratio 
of  auisidldes 
to  chlorine 

Reaction 

temp. 

1  Reaction  products  isolaud  (in  7)) 

dichloro-p- 

-anisidide 

tetrachloro- 

ibenzoquin- 

lone 

dichloro-o- 

-anisidide 

tctrachloro- 

-o-anlsldlde 

15 

1  :  18 

39-14° 

51.12 

4.91 

39.80 

2.76 

15 

1  :  18 

10—2 

55..50 

2.18 

71.14 

— 

30 

1  :  3() 

40—9 

43.28 

3.68 

12.93 

6.71 

30 

1  :  36 

13—1 

57.50 

Traces 

27.76 

8.3 

45 

1  :  54 

34-12 

50.37 

7.78 

10.44 

4.74 

45 

1  :.54 

16—2 

48.0 

4.47 

25.22 

6.71 

TABLE  5 


Chlorina¬ 
tion  time 
(in  min) 

Molar  ratio 
of  anisidldes 
to  chlorine 

Reaction 

temperature 

Reaction  products  isolated  (in  7>) 

dichloro-p-  ' 
-anisidide  j 

tetrachloro-l 
benzo- 
quinone  j 

dichloro-o- 

anisidide 

1 

tetrachloro- 

o-anisldide 

0.70 

1  :  1 

27—28° 

10.41 

1.40 

1  :  2 

31— .39 

— 

1.63 

57.46 

— 

2.10 

1  :  3 

.30—37 

10.44 

3.26 

69.40 

— 

2.80 

1  :4 

29—32 

41.04 

Traces 

71.64 

the  crystalline  dichloroanilide  In  a  yield  of  2.44  g  (87.1470).  A  reaction  without  ZnO  was  carried  out  analogously 
with  the  same  amount  of  anilide,  and  the  yield  was  1.5  g  (53.577)).  The  product  was  recrystallized  from  aqueous 
alcohol. 

Chlorination  of  methanesulfonotoluidides.  a)  Chlorination  with  gaseous  chlorine  was  carried  out  with  a  con¬ 
stant  chlorine  flow  (198  ml/  min)  and  with  the  same  amount  of  toluidide  (1.5  g),  but  the  chlorination  time  and 
the  reaction  temperature  were  varied.  At  the  end  of  the  reaction,  the  mixture  was  left  for  a  day  and  then,  in  the 
case  of  the  p-toluidlde,  evaporation  of  the  solvent  left  a  thick  yellow  oil,  which  yielded  a  finely  crystalline 
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precipitate  of  tlie  tctrachloro-p-toluldlde  after  treatment  with  cold  alcohol.  Treatment  of  the  alcohol  filtrate 
with  water  gave  a  crystalline  precipitate,  which  was  separated  Into  mono-  and  tetrachloro-p-toluldldes  by  frac¬ 
tional  crystallization  from  alcohol,  but  with  very  low  yields  of  the  two  compounds,  In'the  case  of  chlorination 
of  the  o-toluidide,  in  the  first  5  minutes  the  monochloro-o-toluidide  was  formed  exclusively  in  good  yield,  but 
with  an  Increase  In  the  chlorination  time.  Its  yield  decreased  though  the  tetrachloro-o-toluldlde  was  formed  in 
small  amounts,  together  with  it.  The  tetrachloro-o-toluldide  was  separated  from  the  monochloro  compound  by 
treatment  witli  cold  alcohol,  in  which  the  former  was  insoluble.  The  results  of  some  experiments  on  the  chlorina¬ 
tion  of  the  p-  and  o-toluidldes  of  methanesulfonic  acid  are  presented  in  Table  2, 

b)  Chlorination  with  a  solution  of  chlorine  in  dichloroethane  was  carried  out  in  the  following  way:  50  ml 
of  dichloroethane  was  first  weighed  and  then  saturated  with  chlorine  to  a  definite  increase  in  weight  and  the 
chlorine  content  per  ml  of  solution  calculated.  The  chlorination  was  canied  out  by  mixing  solutions  of  2  g  of 
toluldide  in  15  ml  of  dichloroethane  and  a  solution  of  chlorine  with  calculated  molar  ratios  of  the  reagents  of 
1:1,  1:2,  1:3;  and  1:4.  The  mixture  boiled  up  and  a  voluminous  amount  of  HCl  was  liberated.  The  results  of 
chlorination  by  this  method  are  presented  in  Table  3. 

The  monochlorotoluldldes  of  methanesulfonic  acid  were  colorless,  crystalline  substances  with  a  specific 
smell,  and  dissolved  readily  in  benzene,  acetone,  alcohol,  and  dilute  alkali;  they  were  precipitated  from  the 
latter  on  acidification,  and  did  not  dissolve  in  water.  The  tetrachlorotoluidides  were  colorless  crystalline  sub¬ 
stances,  which  differed  from  the  monochlorotoluldldes  in  that  they  dissolved  in  alcohol  only  on  boiling,  and  did 
not  dissolve  in  dilute  alkalies,  but  darkened. 

Chlorination  of  methanesulfonanisidides.  The  reaction  was  carried  out  similarly  to  that  described  above. 

In  all  experiments,  1,5  g  portions  of  the  original  anisldide  was  used,  and  the  chlorine  input  rate  was  198  ml/ min. 
In  the  chlorination  of  the  p-anlsidlde,  crystals  of  the  dichloroanisidide  precipitated  during  the  reaction.  The 
crystals  were  isolated,  and  the  dichloroethane  evaporated  from  the  filtrate  to  give  a  thick  oil,  which  was  treated 
several  times  with  boiling  alcohol.  On  cooling,  the  alcohol  solution  deposited  golden  yellow  crystals  of  tetra- 
chlorobcnzoqulnone.  In  chlorination  of  the  o- anisldide,  the  crystalline  dlchloro  product  precipitated  only  after 
the  reaction  mixture  had  stood  for  a  day  and  had  been  rubbed  with  a  glass  rod.  The  filtrate  (after  removal  of  the 
solvent)  was  treated  with  hot  alcohol  to  yield  the  tetrachloro-o-anlsldlde.  With  an  increase  in  the  chlorination 
time  (up  to  45  minutes),  the  amount  of  dlchloro- o- anisldide  fell  noticeably,  while  with  p-anisldlde,  the  chlorina¬ 
tion  time  had  little  effect  on  the  yield  of  dlchloro-p-anlsidlde.  Chlorination  at  a  lower  temperature  (from  10  to 
2*)  produced  better  yields  of  both  p-  and  o-chloro  derivatives.  The  results  of  chlorinating  o-  and  p-anlsidides 
are  presented  in  Table  4, 

The  p-  and  o-anisidides  were  chlorinated  with  a  solution  of  chlorine  in  dichloroethane,  similarly  to  the 
toluidldes,  with  ratios  of  chlorine  to  original  anisldide  of  1:1,  1:2,  1:3,  and  1:4,  In  all  experiments,  2  g  portions 
of  anisldide  were  taken.  The  experiments  showed  that  the  p- anisldide  was  not  chlorinated  with  a  reagent  ratio 
of  1:1,  at  a  ratio  of  1:2,  only  tetrachlorobenzoquinone  was  isolated,  and  at  ratios  of  1:3  and  1:4,  the  dichloro-p- 
anisidide  and  tetrachlorobenzoquinone  were  formed,  but  in  low  yields.  The  chlorination  of  o-anisidide  by  the 
same  method  gave  the  dichloro-o-anisidide  in  good  yield,  with  the  exception  of  the  experiment  where  the  com¬ 
ponents  were  in  a  ratio  of  1:1. 

The  results  of  the  chlorination  are  presented  in  Table  5. 

The  dichloro-p-  and  o-anlsldldes  of  methanesulfonic  acid  were  colorless  crystalline  substances,  which  dis¬ 
solved  readily  in  acetone  and  benzene,  dissolved  in  alcohol  only  on  heating,  and  were  insoluble  in  water.  The 
former  was  sparingly  soluble  in  dilute  alkali,  and  the  latter  did  not  dissolve  at  all.  The  tetrachloro-o-anisidide 
formed  colorless  crystals,  which  were  readily  soluble  in  many  organic  solvents,  dissolved  in  alcohol  only  on  boil¬ 
ing,  and  were  insoluble  in  alkali.  The ’tetrachlorobenzoquinone.  Isolated  as  a  side  product  in  the  chlorination  of 
p-anisidlde,  was  identified  through  its  characteristic  derivative  with  aniline  (dianlUne  dichlorobenzoquinone)  [2], 
which  was  obtained,  by  mixing  alcohol  solutions  of  tetrachlorobenzoquinone  and  aniline,  in  the  form  of  dark  cry¬ 
stals  with  a  metallic  irridescence. 

Hydrolysis  of  chloro  derivatives.  The  hydrolysis  was  carried  out  by  the  procedure  described  previously  [1], 
The  dlchloroanilide  yielded  2,4-dichloroanillne  with  m.p,  61-63*.  The  monochloro-p-toluidide  yielded  3-chloro- 
toluldlne  as  an  oil,  which  was  converted  into  the  N-acetyl  derivative  by  treatment  with  acetyl  chloride;  the  melt¬ 
ing  point  and  analysis  of  this  derivative  corresponded  with  literature  data  (118*)  [3],  Hydrolysis  of  the 
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monochloro-o~toluidide  and  subsequent  acetylation  led  to  the  N-acetyl  derivative  of  5*chloro*o>toluldine  with 
m4),  139-140*,  The  dichloro-p'-anlsldlde  gave  2,5-dichloro-p-’anlsidlne  with  m,p,  78-80*  [4]  and  the  dlchloro- 
-o-anlsldlde  yielded  a  previously  undescrlbed  dichloro-o-anlsldlne  with  m^).  91-92*. 

SUMMARY 

1.  A  study  was  made  of  the  chlorination  of  the  anilide,  toluldides,  and  anlsldldes  of  methanesulfonlc  acid 
under  various  conditions. 

2.  The  effect  of  the  structure  of  the  N-arylamldes  and  the  reaction  conditions  on  the  character  of  the  com¬ 
pounds  formed  was  demonstrated. 
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Recently  there  has  been  a  strong  Increase  in  the  Interest  in  unsaturated  compounds  of  phosphorus.  These 
compounds  have  been  proposed  as  plasticizers,  insecticides,  additives  to  lubricating  oils,  starting  materials  for 
preparative  syntheses,  and  for  the  preparation  of  polymers  and  copolymers. 

Work  on  these  compounds  has  been  reviewed  by  Gefter  [1].  In  many  papers  it  has  been  reported  that  the 
Isolation  of  pure  products  is  difficult  due  to  vigorous  decomposition  or  their  polymerization  during  distillation. 

The  synthesis  of  triallyl  phosphate  from  allyl  alcohol  and  phosphorus  oxychloride  is  described  in  the  litera¬ 
ture  [2],  The  reaction  was  carried  out  in  toluene  solution  in  the  presence  of  pyridine  with  cooling  to  — 35*.  It 
was  reported  that,  with  this  method  of  synthesis,  distillation  of  the  reaction  mixture  was  accompanied  by  decom¬ 
position  and  often  led  to  an  explosion.  Obviously,  it  is  difficult  to  obtain  sufflcient  amounts  of  pure  product  by 
this  method.  Therefore,  only  the  boiling  point  of  80*  at  0,5  mm  was  reported. 

We  developed  a  new  method  of  synthesizing  triallyl  phosphate,  which  consisted  of  the  oxids^tlon  of  triallyl 
phosphite  by  passing  dry  oxygen  through  it  at  70-80*.  The  advantages  of  this  method  are  the  great  simplicity  of 
the  synthesis,  which  does  not  Involve  the  necessity  of  cooling  the  reaction  mixture  to  very  low  temperatures,  and 
the  absence  of  the  danger  from  explosion  during  distillation.  The  synthesis  was  accomplished  in  two  stages. 

1,  Triallyl  phosphite  was  prepared  by  the  method  used  by  A,  E.  Arbuzov  and  V.  M.  Zoroastrova  [3,4] 

3CH2=CH-Gll2011  +  PGl3-l-3C5n5N  (Gn2=GII-GH20)3P  -f  .IGgllgN  .  HGl. 

2,  The  triallyl  phosphite  was  oxidized  by  the  method  we  developed 

(GH2=GH—GH20)3P  1-0.502  (GIl2=GH— GH20)3P0. 

The  course  of  the  oxidation  was  controlled  by  the  change  in  the  refractive  index. 

Certain  amounts  of  diallylphosphorous  acid,  formed  during  the  synthesis  of  triallyl  phosphite,  did  not  hinder 
the  oxidation  and  were  readily  removed  by  distillation  of  the  oxidized  product. 

It  should  be  noted  that  the  separation  of  a  mixture  of  diallyl  phosphite  and  triallyl  phosphite  presents  cer¬ 
tain  difficulties  due  to  the  small  difference  in  the  boiling  points  of  these  products,  which  are  97,5*-98,5*  at  8  mm 
[5],  and  83,5-86,5*  at  9  mm  [3,4],  respectively. 

By  this  method,  we  obtained  pure  triallyl  phosphate  and  determined  its  constants  for  the  first  time.  It  was 
a  colorless,  mobile  liquid  with  a  garlic-like  smell  and  b.p,  93-94*  at  1  mm, 

EXPERIMENTAL 

Synthesis  of  triallyl  phosphite.  Into  a  2-liter,  three-necked  flask,  fitted  with  a  stirrer,  thermometer,  drop¬ 
ping  funnel,  and  reflux  condenser,  were  placed  261  g  of  anhydrous  allyl  alcohol,  356  g  of  dry  pyridine,  and  1000  ml 
of  ether.  With  continuous  stirring  and  cooling  to  0-5*,  206  g  of  phosphorus  trichloride,  dissolved  in  250  ml  of 
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ether,  was  added.  The  precipitate  of  pyridine  hydrochloride  was  removed  by  filtration.  The  ether  evaporated  and 
the  residue  fractionated  In  vacuum.  As  a  result  of  one  distillation,  190  g  of  substance  was  obtained. 

B.p.  89-93*  (11  mm),  n*®D  1.4560.  According  to  data  In  [3.4],  b.p.  85.5-86.5*  (9  mm),  n**D  1.4595, d*®()  0.9974. 

Oxidation  of  trlallyl  phosphite.  150  g  of  trlallyl  phosphite  was  placed  In  a  long  tube  fitted  with  a  bubbler. 

The  apparatus  was  heated  In  a  thermostat  In  carbon  tetrachloride  vapor.  Oxygen  from  a  tank  was  dried  with  sul¬ 
furic  acid  and  calcium  chloride,  and  passed  through  the  phosphite  for  6  hours.  During  this  time,  the  refractive 
Index  of  the  reaction  mixture  fell  from  1.4560  to  1.4500.  Vacuum  distillation  yielded  the  following  fractions: 

1st,  75-90*  at  1  mm,  17  g,  n*®D  1.4520;  2nd,  90-95*  at  1  mm,  130  g,  n*®D  1.4500. 

The  distillation  proceeded  to  completion  without  the  least  sign  of  decomposition. 

The  first  fraction  was  apparently  a  mixture  of  unoxldlzed  starting  trlallyl  phosphite,  dlallyl  phosphite,  and 
trlallyl  phosphate.  A  second  distillation  of  the  2nd  fraction  yielded  125  g  (83%)  of  trlallyl  phosphate  with  b.p. 

93-95*  at  1  mm.  The  product  was  redistilled  for  determination  of  the  constants.  Pure  trlallyl  phosphate  had  the 
following  constants. 

B.p.  93-94*  at  1  mm,  d*®4  1.0815,  n*®D  1.4500,  MRj)  54.20;  calc.  54.16. 

Found  %:  P  14.29,  14.36.  CsH^O^P. 

Calculated  %:  P  14.21. 

Analysis  for  the  presence  of  double  bonds  by  the  bromide- bromate  method  showed  that  the  product  was 
99.97%  pure. 

SUMMARY 

A  new  method  Is  presented  for  synthesizing  trlallyl  phosphate  by  oxidation  of  trlallyl  phosphite  with  dry  oxy¬ 
gen  at  76*.  This  method  eliminates  the  danger  of  explosions  during  distillation. 
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Benzthiazolyl-2  methyl  ketone,  which  we  synthesized  previously  [1],  may  serve  as  the  starting  material  for 
preparing  2-methylbenzthiazolylthiazoles,  that  have  not  been  described  in  the  literature,  but  are  of  interest  for 
the  synthesis  of  polymethine  dyes.  In  this  work,  the  above  ketone  was  brominated  to  give  benzthlazolyl-2  bromo- 
methyl  ketone  (I),  which  was  used  for  the  synthesis  of  the  benzthiazolylthiazoles  (II)  and  (VII).  An  attempt  to 
brominate  benzthiazolyl-2  methyl  ketone  under  the  conditions  used  for  brominating  thiazolyl-2  methyl  ketone  [2] 
and  6-nitrobenzthiazolyl-2  methyl  ketone  [3],  namely  with  bromine  in  carbon  tetrachloride,  was  unsuccessful.  It 
was  found  that  the  bromination  of  benzthiazolyl-2  methyl  ketone  proceeded  readily  in  glacial  acetic  acid  at  85 
to  90*.  Tills  reaction  proceeded  very  slowly  at  lower  temperatures.  Under  the  given  conditions  with  a  molar  ratio 
of  ketone  to  bromine  of  2:1,  half  of  the  ketone  used  was  converted  into  the  tu-bromo  derivative  (I),  while  the  rest 
was  isolated  as  the  hydrobromide.  By  hydrolysis  of  this  salt  and  subsequent  recrystalllzatlon  of  the  hydrolysis  prod¬ 
uct,  it  was  possible  to  recover  about  30%  of  the  ketone  taken  for  bromination.  The  crude  bromoketone  (I)  con¬ 
tained  traces  of  the  original  ketone,  and  they  were  removed  completely  only  after  several  recrystallizations.  The 
pure  bromoketone  (I)  was  a  colorless,  crystalline  substance  with  m.p,  91.5*,  which  did  not  have  lachrlmatory  prop¬ 
erties. 

The  bromoketone  (I)  was  subjected  to  the  conversions  illustrated  In  the  scheme. 
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As  a  result  of  these  conversions,  we  obtained  the  isomeric  benzthiazolylthiazoles  (II)  and  (VII),  which  were 
monoacidic  bases,  reminiscent  in  this  respect  of  a-(benzthiazolyl-2*)-  and  fl-(benzthiazolyl-2*)-pyridines  [4], 

The  weak  base  (U)  did  not  react  at  all  when  heated  with  excess  ethyl  iodide  in  a  sealed  tube  at  150*.  Under  analo¬ 
gous  conditions,  the  base  (VII)  gave  an  almost  quantitative  yield  of  the  ethiodide  (VIU;  X  »  i).  When  a  more 
active  alkylating  agent  was  used,  namely  ethyl  p-toluenesulfonate ,  both  bases  were  converted  into  quaternary 
salts  (lUj  X  =  P-CHSCJH4SO3)  and  (VIU)  X  =  p-CHsC4H4SOs),  when  of  the  two  heterocyclic  residues  present  in  the 
molecules  of  the  bases  (n)  and  (VII),  only  one,  the  thiazole  residue,  took  part  in  salt  formation. 

The  structures  of  salts  (in)  and  (VIII)  were  confirmed,  first,  by  the  presence  of  active  methyl  groups  in  them, 
in  other  words,  by  their  capacity  to  form  polymethine  dyes,  which  were  found  to  be  insoluble  in  water;  second, 
confirmation  was  provided  by  analysis  data  of  the  salts  themselves  and  of  the  dyes  synthesized  from  them.  The 
polymethine  dyes  obtained  from  salts  (lU)  and  (VIII),  belonged  to  different  types:  the  dyes  were  "styryls"  (IX) 
and  (X),  unsymmetrical  thiazolothlacyanines  (IX) and  (XU),  symmetrical  thlazolocarbocyanines  (XIII)  and  (XIV), 
and,  finally,  rhodacyanines  (XV)  and  (XVI).  In  all  the  dye  formulas  presented  below,  R  and  R*  are,  alternatively, 
either  a  hydrogen  atom  or  a  benzthiazolyl-2  residue;  the  latter  is  designated  by  the  letters  BT.  Each  type  of  dye 
was  represented  by  two  Isomeric  compounds. 
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The  light  absorption  maxima,  determined  In  ethyl  alcohol  solution  for  all  the  dyes,  are  presented  below. 


Dye 

Absorption 
maximum 
(in  mM ) 

Dye 

Absorption 
maximum 
dn  mp ) 

(IX) 

511 

(X) 

551 

(XI) 

420 

(XK) 

457 

(xm) 

565 

(XIV) 

630 

(XV) 

607 

(XVI) 

635 

From  the  data  presented,  It  Is  obvious  that  the  dyes  which  were  derivatives  of  2- methyl- 5-(benzthiazoly  1-2)- 
-thlazole,  had  a  considerably  deeper  color  than  the  isomeric  dyes  of  the  same  type  which  were  derivatives  of  2- 
-methyl-4-(benzthiazolyl-2)-thlazole.  For  the  symmetrical  thiazolocarbocyanines  (XIU)  and  (XIV),  the  differ¬ 
ence  in  the  values  of  the  absorption  maxima  was  65  mji.  In  general,  the  introduction  of  a  benzthiazolyl-2  resi¬ 
due  into  position  4  or  5  of  the  thlazole  nucleus,  forming  part  of  the  structure  of  polymethlne  dyes  of  various  types, 
produced  bathochromic  shifts  in  the  absorption  maxima  of  these  dyes,  which  were  insignificant  in  the  first  case, 
and  large  in  the  second.  These  observations  are  analogous  to  those  described  by  E.  D.  Sych,  made  in  an  investiga¬ 
tion  of  thiazolocarbocyanines  with  aryl  radicals  in  the  thlazole  nuclei  [5], 

EXPERIMENTAL 

1,  Benzthiazolyl-2  bromomethyl  ketone  (I),  The  benzthiazolyl-2  methyl  ketone  used  for  the  synthesis  was 
recrystallized  from  aqueous  acetone  and  had  m.p.  108-110*  [1],  Into  a  three-necked  reactor,  fitted  with  a  mech¬ 
anical  stiner,  reflux  condenser,  thermometer,  and  dropping  funnel,  were  placed  31,8  g  of  benzthiazolyl-2  methyl 
ketone  and  90  ml  of  glacial  acetic  acid.  The  reactor  was  heated  on  a  paraffin  bath,  and  when  the  temperature 
inside  the  reactor  reached  85-90*,  the  dropwise  addition  of  14.4  g  of  bromine  in  240  ml  of  glacial  acetic  acid  was 
begun  with  rapid  stirring.  The  bromine  solution  was  added  at  a  rate  of  1  drop  per  second  with  the  last  third  of  the 
solution  added  at  half  this  rate.  During  the  whole  of  the  addition  of  the  bromine  solution,  the  temperature  of  the 
mixture  in  the  reactor  was  kept  at  90-95*.  Fifteen  to  20  minutes  after  the  beginning  of  bromination,  a  light  cry¬ 
stalline  precipitate  began  to  separate,  and  the  amount  of  it  gradually  increased.  The  addition  of  all  the  bromine 
solution  required  4,5-5  hours.  After  the  bromination,  the  contents  of  the  reactor  were  cooled  to  30*  and  the  cry¬ 
stalline  precipitate  collected  by  filtration  at  this  temperature  and  washed  with  a  small  amount  of  glacial  acetic 
acid  and  dry  ether.  The  crystalline  precipitate  and  the  acetic  acid  filtrate  were  treated  separately.  The  ether- 
washed  crystalline  precipitate  was  dried  in  air  and  then  in  a  desiccator,  when  It  weighed  18-18,7  g,  had  a  yellow¬ 
ish  grey  color,  and  had  m.p.  192*  (with  decomp,),  A  mixture  of  this  substance  with  the  hydrobromide  of  benzthl- 
azolyl- 2- methyl  ketone  (m.p,  193*  with  decomp.)  melted  at  192*  (decomp.).*  All  the  ketone  hydrobromide 


•The  hydrobromide  of  benzthiazolyl-2  methyl  ketone  required  for  the  identification  was  prepared  by  passing  dry 
hydrogen  bromide  into  a  hot  solution  of  this  ketone  in  glacial  acetic  acid  with  subsequent  washing  with  dry  ether. 
When  mixed  with  water,  this  salt  was  slowly  hydrolyzed  and  converted  into  benzthlazolyl-2  methyl  ketone. 
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obtained  in  this  synthesis  was  mixed  with  150  ml  of  warm  water  and  left  for  15  minutes  with  periodic  stirring.  The 
precipitate  was  collected  by  filtration,  washed  with  water,  and  dried.  The  product  weighed  13>14  g  and  was  the 
original  ketone  with  a  small  amount  of  bromoketone.  For  separation  of  the  latter,  the  whole  of  the  material  was 
dissolved  in  30  ml  of  chloroform  and  the  solution  decolorized  by  heating  with  charcoal  (4  g)  and  filtered.  The 
cooled  filtrate  was  mixed  with  a  solution  of  3  g  of  urotropln  in  40  ml  of  chloroform  with  a  temperature  of  30*,  and 
left  for  1  hour.  The  urotropln  complex  of  the  bromoketone  was  collected  by  filtration  and  washed  with  chloroform 
and  dry  ether.  The  dried  complex  weighed  1-1.7  g.  The  chloroform  extract  was  again  decolorized  with  charcoal, 
washed  with  warm  water,  dried  with  sodium  sulfate,  the  whole  of  the  chloroform  removed,  and  the  solid,  brown 
residue  (15  g)  recrystallized  from  90-100  ml  of  60%  aqueous  acetone,  with  the  mother  solution  decolorized  2-3 
times  with  charcoal.  By  this  method,  we  recovered  8-10  g  of  benzthlazolyl-2  methyl  ketone  with  m.p.  105-108* 
(25-31%  of  that  taken  for  the  synthesis). 

The  acetic  acid  solution  containing  the  bulk  of  the  bromination  product  was  decolorized  by  heating  with 
charcoal  (3  g),  filtered,  mixed  with  700  ml  of  water,  and  cooled  in  ice  and  the  white  or  pinkish  white  crystalline 
precipitate  collected  and  washed  with  water.  After  being  dried,  the  precipitate  weighed  20-22  g.  The  whole  of 
the  crude  bromoketone  was  recrystallized  from  100  ml  of  alcohol  with  the  alcohol  solution  twice  decolorized  with 
charcoal  (1,0  and  0.5  g).  The  bromoketone,  which  precipitated  as  colorless,  needle-like  crystals  on  cooling,  was 
filtered  from  the  mother  solution  at  30*  and  washed  once  with  a  small  amount  of  cooled  alcohol.  The  yield  was 
9.5-11.5  g  (41.3-49.8%);  the  m.p.  was  85-86*.  Further  cooling  of  the  mother  solution  yielded  3.5-4.5  g  of  crystals 
with  m.p.  61-76*,  which  were  the  bromoketone  with  a  trace  of  the  original  ketone;  if  the  warm  mother  solution 
was  diluted  with  water,  then  a  product  was  isolated,  which  contained  about  27%  of  bromine.  It  was  best  to  isolate 
the  bromoketone  from  this  product  in  the  form  of  the  urotropln  complex,  of  which  5.5-6.0  g  was  obtained.  The 
complex  was  used  for  the  synthesis  of  benzthlazolyl-2  aminomethyl  ketone  hydrochloride. 

The  bromoketone  (I),  obtained  after  the  first  recrystalilzation,  still  contained  a  small  amount  of  the  original 
ketone.  For  the  repeated  recrystallizations,  2  mi  of  alcohol  was  used  per  g  of  bromoketone,  and  the  crystals  were 
collected  by  filtration  at  30*.  The  pure  bromoketone  (I)  had  m.p.  91.5*.  The  substance  analyzed  had  been  re¬ 
crystallized  three  times. 

Found  %:  Br  31.24,  31.33.  CgHjONSBr. 

Calculated  %:  Br  31.25. 

The  bromoketone  (I)  formed  colorless,  prismatic  needles  with  a  very  weak  smell,  reminiscent  of  that  of  benz 
thiazolyl-2  methyl  ketone;  it  did  not  have  lachrimatory  properties, 

2.  2-Methyl-4-(benzthiazolyl-2*)-thiazole  (II).  Twice  recrystallized  bromoketone  (I)  with  m.p,  89*  was 
used  for  the  synthesis.  Two  solutions  were  prepared ,  and  one  contained  2.56  g  of  the  bromoketone  in  5  ml  of 
toluene;  the  other  contained  0.75  g  of  thioacetamide  in  15  ml  of  the  same  solvent.  The  hot  solutions  were  mixed 
with  the  former  added  to  the  latter  (the  solution  boiled)  to  give  a  turbid  liquid, and  then  a  viscous  mass  formed 
and  rapidly  changed  into  a  yellow  crystalline  precipitate  of  the  hydrobromide  of  the  benzthiazolylthiazole  (II) 
synthesized.  After  10  minutes,  the  precipitate  was  collected  and  washed  with  dry  ether.  The  salt  (2.8  g)  decom¬ 
posed  at  220®  when  melted.  It  was  treated  with  a  hot  solution  of  2.0  g  of  anhydrous  sodium  carbonate  in  15  ml  of 
water,  and  the  base  which  precipitated  was  collected  and  washed  with  water.  The  product  was  recrystallized  from 
85  ml  of  alcohol  (with  charcoal),  with  the  mother  solution  cooled  for  1  hour  In  ice;  the  product  was  washed  with 
cold  alcohol.  The  yield  of  base  was  1.3  g  (56%).  The  pure  benzthiazolylthiazole  (II)  formed  colorless  crystals 
with  m.p.  176®,  which  had  no  smell;  the  substance  dissolved  in  concentrated  hydrochloric  acid,  but  separated  in 
the  free  state  when  water  was  added.  The  product  analyzed  was  recrystallized  twice  from  a  53-fold  amount  of 
alcohol  (charcoal  was  used). 

Found  %;  N  11.99,  11.97;  S  27.40,  27.17.  CuHgNjSj. 

Calculated  %:  N  12.07;  S  27.59. 

When  benzthiazolylthiazole  (II)  and  ethyl  iodide  in  a  molar  ratio  of  1:10  were  heated  in  a  sealed  glass  tube 
for  3  hours  at  150-160®,  we  obtained  a  brown,  crystalline  substance,  which  did  not  contain  a  quaternary  salt  accord 
ing  to  color  reactions,  and  had  m.p.  175*  (from  ethanol),  undepressed  by  admixture  with  the  base  (II)  taken  for  the 
experiment. 
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When  2^  g  of  benzthiazolylthiazole  (II)  was  heated  with  2.0  g  of  ethyl  p-toluenesulfonate  in  a  sealed  glass 
tube  for  4  hours  at  150-160*,  a  quaternary  salt  was  formed.  The  contents  of  the  tube  were  dissolved  in  35  ml  of 
hot  water  and  the  unchanged  base  (0.2  g)  removed  by  filtration.  The  filtrate  was  decolorized  twice  with  charcoal, 
and  the  water  evaporated,  at  first  on  a  water  bath  and,  finally,  in  a  vacuum  desiccator.  The  yield  of  the  ethyl- 
-p-toluenesulfonate  of  benzthiazolylthiazole,  which  was  a  clear,  solid,  very  hygroscopic  substance,  was  4.0  g 
(92,5‘5()),  The  salt  could  be  used  for  the  synthesis  of  polymethine  dyes  without  further  purification.  The  ethyl-p- 
-toluenesulfonate  was  converted  into  the  iodide  by  the  usual  method,  and  the  latter  was  recrystallized  three  times 
from  alcohol  (with  charcoal)  to  give  yellowish  white  needle-like  crystals  with  m.p.  202*  (with  subsequent  decom¬ 
position). 

Founds*.  1  32.69,32.61.  CuHuNjS,!. 

Calculated  %r.  I  32.73. 

When  the  ethlodide  obtained  in  this  way  was  melted,  it  was  converted  completely  into  ethyl  iodide  and 
base  (II),  which  had  m.p.  176*  after  one  recrystallization  from  alcohol, 

3.  Benzthiazolyl-2  aminomethyl  ketone  hydrochloride  (V).  Warm  (30*)  solutions  of  5.12  g  of  bromoketone  (I) 
with  m.p.  86*  in  10  ml  of  chloroform,  and  of  2,8  g  of  urotropin  in  28  ml  of  chloroform  were  mixed.  After  several 
seconds,  a  light  crystalline  precipitate  of  the  urotropin  complex  (IV)  separated;  the  mixture  heated  up  rapidly  and 
its  temperature  reached  45-48*.  After  1  hour,  the  precipitate  was  collected  and  washed  many  times  with  chloro¬ 
form  and  dry  ether.  The  yield  of  the  complex  was  7.4-7.8  g,  i.e,,  almost  theoretical.  The  well-washed  substance 
was  a  white  crystalline  mass,  which  darkened  at  140*  and  decomposed  at  175*  when  heated  In  a  capillary;  when 
heated  with  most  solvents,  it  changed  to  a  considerable  extent,  and  could  not  be  recrystallized. 

7,9  g  of  the  well-washed  urotropin  complex  (IV)  was  mixed  with  30  ml  of  alcohol  and  the  pasty  mass  formed 
was  treated  immediately  with  8.5  ml  of  concentrated  hydrochloric  acid.  The  mass  was  immediately  and  rapidly 
heated  with  vigorous  stirring  until  a  yellow  solution  was  formed,  or  until  the  solid  product  had  almost  completely 
dissolved.  At  this,  an  exothermal  reaction  began  and  proceeded  with  the  evolution  of  benzthiazolyl-2  amino¬ 
methyl  ketone  hydrochloride  (V)  and  ammonium  salts.  The  mixture  was  left  for  15-18  hours,  cooled,  and  the 
solid  product  collected  and  washed  with  a  very  small  amount  of  cooled  alcohol  and  dry  ether.  The  yield  of  the 
crude  product  was  4.2-5.0  g;  it  could  be  used  for  the  preparation  of  benzthiazolyl-2  acetylaminomethyl  ketone (VI) 
without  further  purification. 

Pure  benzthiazolyl-2  aminomethyl  ketone  hydrochloride  was  obtained  by  treating  the  crude  product  with 
the  minimal  amount  of  water  cooled  to  0*  and  then  washing  the  material  with  cooled  alcohol  and  ether.  The  salt 
purified  in  this  way  had  m.p.  203*  and  was  analyzed. 

Found  %  Cl  15.46,  15.38.  CjHaONjCl. 

Calculated  ^o:  Cl  15.53. 

The  salt  could  be  stored  without  change  for  a  very  long  time. 

4,  Benzthiazolyl-2  acetylaminomethyl  ketone  (VI),  4.6  g  of  benzthiazolyl-2  aminomethyl  ketone  hydro¬ 
chloride  (V)  was  mixed  with  10  ml  of  water,  and  to  the  suspension  was  added  10  g  of  ice  and  then,  alternately  over 
a  period  of  20-25  minutes,  4,1  g  of  acetic  anhydride  and  15  ml  of  a  2Q°Jo  aqueous  solution  of  sodium  carbonate 
were  added  in  small  portions  with  vigorous  stirring.  The  acetylation  had  to  be  carried  out  in  a  large  beaker  due 

to  the  copious  evolution  of  carbon  dioxide.  During  the  whole  of  the  process,  the  mixture  of  reacting  substances 
had  to  be  kept  pale  yellow,  and  was  not  allowed  to  become  pink  for  any  length  of  time.  If,  after  the  acetylation, 
the  mixture  began  to  acquire  a  pink  color  on  standing,  a  few  drops  of  acetic  anhydride  had  to  be  added.  The 
acetyl  derivative  was  filtered  off  from  the  cooled  mixture,  washed  many  times  with  water,  and  dried.  The  yield 
was  2,2  g  (47*^4));  for  an  unknown  reason,  the  yield  was  considerably  lower  in  some  experiments.  The  acetyl  deriva¬ 
tive  was  purified  by  recrystallization  from  a  40-fold  amount  of  benzene  with  the  use  of  charcoal.  After  two  re¬ 
crystallizations,  the  substance  was  obtained  as  fine,  colorless  needles  with  m.p.  162-163*. 

Found  N  11.74,  11.65.  CnHioOiNzS. 

Calculated  %r.  N  11.97. 
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5.  2- Methyl" 5-(benzthlazolyl- 2>-thiazole  (Vn),  To  a  mixture  of  1.17  g  of  (VI)  and  1,1  g  of  finely  powdered 
phosphorus  pentasulfide  was  added  10  ml  of  dry  toluene,  and  the  mixture  heated  without  stirring  for  25  minutes  in 

a  small  peat~shaped  flask  on  a  paraffin  bath  at  120*.  At  the  beginning  of  heating  when  the  solvent  just  began  to 
boll,  the  flask  was  removed  from  the  bath  for  a  short  time  until  the  exothermal  reaction  ceased.  After  the  heating, 
the  toluene  solution  was  poured  out  and  to  the  solid  residue  was  added  10  ml  of  a  warm  (45*)  10*7o  aqueous  solution 
of  sodium  hydroxide  and  10  ml  of  toluene,  and  the  mixture  stirred  carefully.  The  toluene  was  separated,  and  the 
alkaline  liquid  extracted  twice  more  with  warm  toluene  (5  ml  portions).  The  combined  toluene  extracts  were 
washed  with  10  ml  of  lO^jl)  aqueous  sodium  hydroxide  solution  and  then  extracted  8  times  with  15^  hydrochloric 
acid  (a  total  of  50  ml)  and  the  acid  solution  partly  decolorized  with  charcoal  and  treated  with  20*^  aqueous  sodium 
hydroxide  solution  (about  45  ml)  with  cooling,  until  an  alkaline  reaction  appeared.  The  precipitated  benzthlazolyl- 
thiazole  (VII)  was  washed  with  water  and  recrystallized  (with  charcoal  used)  from  7  ml  of  alcohol.  The  yield  was 
0.5  g  (43%),  The  base  formed  colorless  hexagonal  prismatic  tablets  with  m.p,  121*, and  m,p.  122*  after  a  second 
recrystallization. 

Found  %.  N  12.05,  12.15j  S  27.67.  CuHjNjS,. 

Calculated  %;  N  12,07;  S  27.59, 

When  benzthlazolylthiazole  (VII)  and  ethyl  iodide  in  a  molar  ratio  of  1:10  were  heated  in  a  sealed  glass 
tube  at  150-160*  for  3.5  hours,  the  lodoethylate  was  formed  in  92%  yield,  and  this  was  washed  with  acetone  and 
dry  ether  and  recrystallized  from  anhydrous  alcohol  to  give  clear,  colorless  needles  with  m,p,  285*  (decomp.). 

Found  %;  I  32.54,  32.65.  Ci^HuNiS^I. 

Calculated  %:  I  32.73. 

When  equlmolecular  amounts  of  (VII)  and  ethyl-p-toluenesulfonate  were  heated  under  the  same  conditions 
as  for  the  formation  of  the  ethlodide,  the  ethyl-p-toluenesulfonate  of  the  base  (VII)  was  formed  in  up  to  90%  yield, 
and  when  this  had  been  washed  with  warm  acetone  and  dry  ether,  it  appeared  as  a  greyish  white  crystalline  sub¬ 
stance,  which  was  quite  pure  enough  for  use  in  the  synthesis  of  polymethine  dyes, 

6.  2-(p-Dimethylaminostyryi)-4-(benzthiazolyl-2*)-3-ethylthiazolium  perchlorate  (IX).  A  mixture  of 
0.43  g  of  the  ethyl-p-toluenesulfonate  (III),  0.15  g  of  p-dimethylaminobenzaldehyde,  and  6  ml  of  dry  pyridine 
was  boiled  for  1  hour.  The  dye  was  precipitated  by  the  addition  of  excess  ether,  washed  with  ether  and  water  by 
decantation,  and  converted  into  the  perchlorate  by  the  usual  method.  The  yield  of  dye  was  0.25  g  (51%).  After 
recrystallization  from  alcohol,  the  dye  (IX)  was  obtained  as  reddish  brown  crystals  with  a  metallic  luster  and  with 
m.p.  234*  (with  decomp.)*  ;  the  absorption  maximum  was  at  511  mji  (alcohol).  For  analysis,  (IX)  was  recrystal¬ 
lized  twice. 

Found  %  Cl  7.06,  7.11.  Ci2Ha04N5S2Cl. 

Calculated  %:  Cl  7,22. 

7.  2-(p-Dlmethylamino5tyryl)-5-(benzthlazolyl-2*)-3-ethylthiazolium  perchlorate  (X).  The  dye  was  synth¬ 
esized  similarly  to  the  previous  one  from  0,39  g  of  the  ethlodide  (VIII)  and  0,15  g  of  p-dlmethylamlnobenzaldehyde. 
A  crystalline  precipitate  of  the  dye  separated  even  during  the  time  that  the  starting  materials  were  being  heated 

in  the  solvents.  The  dye  was  washed  with  hot  water,  alcohol,  and  ether.  The  dye  yield  was  0.26  g  (50%),  After 
two  recrystallizations  from  a  large  amount  of  alcohol,  the  iodide  appeared  as  fine  brownish  violet  needles  with  a 
metallic  luster  and  m.p,  253*  (with  decomp.);  the  absorption  maximum  was  at  551  mji  (alcohol).  The  iodide 
was  converted  into  the  perchlorate  (X)  by  the  usual  method:  the  fine,  pinkish  grey,  needle-like  crystals  had  m.p, 
264*  (with  decomp,).  The  perchlorate  was  analyzed. 

Found  %:  Cl  7.28,  7.16.  C2JH22O4N3S2CI. 

Calculated  %:  Cl  7.22. 


*In  determining  the  melting  points  of  the  dyes,  a  capillary  with  the  substance  was  introduced  into  a  hot  salt  bath 
at  a  temperature  25-30*  below  the  melting  point  of  the  dye  investigated. 
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8.  [4-(Ben2thlazolyl-  2*) -3-ethylthlazole-2]  -  [3*-ethylbenzthiazole-‘  2*]  -monomethlnecyanlne  per¬ 
chlorate  (XI).  A  mixture  of  0.87  g  of  the  ethyl-p-toluenesulfonate  (III),  0,76  g  of  the  ethyl-p-toluenesulfonate 

of  2-methylmercaptobenzthlazole,  10  ml  of  anhydrous  alcohol,  and  0.18  g  of  anhydrous  sodium  acetate  was  boiled 
for  40  minutes,  after  which  2.5  g  of  sodium  perchlorate  in  20  ml  of  water,  and  5  ml  of  alcohol  was  poured  into 
the  hot  solution.  After  30  minutes,  the  yellow  precipitate  of  the  dye  was  collected  and  washed  with  hot  water, 
alcohol,  and  ether.  The  yield  of  dye  (XI)  was  0.35  g  (33.3‘7«>).  It  was  recrystallized  from  35  ml  of  glycol  and  then 
from  150  ml  of  alcohol;  the  m^).  was  256*  (with  decomp,);  the  absorption  maximum  lay  at  420  mp  (alcohol). 

Found  Cl  6.95,  6.82.  C»yHynO^N^&iCl. 

Calculated  ‘fe  Cl  6.81, 

9.  [  5-( Benzthiazolyl-  2’)  •'3-ethylthiazole-2]  -  [3*-ethylbenzthiazole-  2*]  -monomethinecyanine  iodide 
(XII).  The  procedure  for  synthesizing  tills  dye  differed  slightly  from  the  previous  one:  when  a  mixture  of  0.54  g 
of  the  ethyl-p-toluenesulfonate  (VIE),  0,48  g  of  the  ethyl-p-toluenesulfonate  of  2-methylmercaptobenzthiazole, 

8  ml  of  anhydrous  alcohol,  and  0.12  g  of  anhydrous  sodium  acetate  had  been  boiled,  the  solution  formed  was  left 
for  15  hours.  The  precipitated  dye  was  collected  and  washed  with  hot  water,  alcohol,  and  ether.  The  yield  was 
0.4  g  (58*70).  The  crude  dye  was  converted  into  the  iodide  by  the  usual  method,  and  this  was  recrystallized  twice 
from  a  large  amount  of  alcohol.  The  pure  dye  (XII)  had  m,p.  277*  (with  decomp.)  and  an  absorption  maximum 
at  457  mp  (alcohol). 

Found  %  I  22.78 ,  22.72.  CjjHjoNsS,!. 

Calculated  ^cr.  I  23.13. 

10^  3 ,3*- Diethyl-4, 4 *-di-(benzthlazolyl-2*)-thiazolocarbocyanine  iodide  (Xin),  A  mixture  of  0.86  g  of  the 
ethyl-p-toluenesulfonate  (III),  0,74  g  of  ethyl  orthoformate,  and  5  ml  of  dry  pyridine  was  boiled  for  1  hour  and, 
after  cooling,  was  then  poured  into  100  ml  of  dry  ether.  After  15  hours,  the  precipitated  dye  was  washed  several 
times  with  ether  by  decantation,  treated  with  water,  collected  by  filtration,  washed  with  water  several  times,  and 
dried.  The  yield  was  0.15  g  (21.4*7?).  The  ethyl-p-toluenesulfonate  of  the  dye  was  converted  into  the  iodide,  and 
the  perchlorate  by  the  usual  method.  The  iodide  formed  fine  violet-brown  crystals  with  a  metallic  luster  and  had 
m.p.  215*  (with  decomp.)  and  an  absorption  maximum  at  565  mp  (alcohol).  The  perchlorate  of  (XUI)  had  m.p. 
264*  (with  decomp.).  The  perchlorate  was  analyzed. 

Found  %  Cl  5.52,  5,77.  C27Hj3N4S^l. 

Calculated  Cl  5.63. 

11.  3,3*-Diethyl-5,5*-di-(benzthiazolyl-2*)-thlazolocarbocyanine  perchlorate  (XIV).  0,86  g  of  the  ethyl- 
-p-toluenesulfonate  (VIII),  0.74  g  of  ethyl  orthoformate,  and  10  ml  of  anhydrous  pyridine  were  heated  together 
on  a  paraffin  bath  with  a  temperature  of  115*.  Even  at  the  beginning  of  heating,  the  mixture  thickened  due  to 
the  formation  of  a  voluminous  microcrystalline  precipitate  of  the  dye.  When  the  mixture  had  cooled,  the  preci¬ 
pitate  was  collected  and  washed  with  a  small  amount  of  methyl  alcohol,  many  times  with  water,  again  with  alco¬ 
hol,  and  finally  with  ether.  The  yield  was  0.45  g  (63.3*70).  After  recrystallization  from  a  large  amount  of  alcohol, 
the  dye  was  obtained  as  violet-grey  crystals  with  a  metallic  luster,which  had  m.p,  297*  (with  decomp.)  and  an 
absorption  maximum  at  630  mp  (alcohol).  By  the  usual  method,  the  dye  was  converted  into  the  perchlorate  (XIV), 
which  had  m.p.  267*  (with  decomp.)  after  many  washes  with  hot  water,  alcohol,  and  ether. 

Found  %  Cl  5.58 ,  5.45.  CiyH^O^NzS/:!. 

Calculated  *7o:  Cl  5.89, 

12,  3,3*-Diethyl-4*-(benzthiazolvl-2*')- 4- keto- 5-[B-(3 'j_ethyl-^" ,7 "-tetramethylenebenzthlazolinylldene- 
-2'*)-«-phenylethylidene]-thlazolinothiazolomonomethinecyanlne  iodide  (_XV),  For  the  preparation  of  this  dye, 
we  used  3-ethyl- 5-[(3"-ethyl-6",7*-tetramethylenebenzthiazolinylidene-2")-a-phenylethylidene]-rhodanlne, 
which  will  be  called,  in  short,  "merocyanlne,"  below.  0.48  g  of  merocyanine  and  0.63  g  of  dimethyl  sulfate  were 
heated  at  125*  (in  the  mixture)  for  25  minutes.  The  mercocyanine  salt  formed  was  powdered,  washed  several  times 
with  dry  ether,  and  dissolved  in  1.5  ml  of  dry  pyridine  and  the  solution  obtained  was  mixed  with  a  warm  solution 
of  0.86  g  of  the  ethyl-p-toluenesulfonate  (III)  in  1.5  ml  of  the  same  solvent.  The  mixture  was  boiled  for  1.5  hours, 
and  then  to  it  was  added  5  ml  of  80*7o  alcohol.  After  20  hours,  the  dye  crystals  were  collected,  washed  with  dilute 
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alcohol,  ground  to  a  powder,  and  washed  many  times  on  a  filter  with  hot  toluene  until  the  filtrate  became  almost 
colorless.  The  dye  yield  was  0.32  g  (40‘!()).  The  dye  was  converted  into  the  iodide  (XV),  which  was  recrystalUzed 
from  alcohol  to  give  fine,  brownish  green  crystals  with  a  bronze  luster  and  m,p.  246*  (with  decomp.);  the  absorp- 
tion  maximum  was  at  607  mfi  (alcohol). 

Found  I  15.52,  15.32.  Cj,Hs70N4S4l. 

Calculated  °lv.  I  15.26. 

13.  3,3*-Dlethyl-5*-(benzthiazolyl-2*)"4-keto-5-[fl-(3*-ethyl-6*,7*-tetramethylenebenzthla?,olinylidene“ 
"2*)-a-phenylethylidene]-thiazolinothlazolomonomethlnecyanine  iodide  (XVI).  In  analogy  with  the  previous  ex¬ 
periment,  a  salt  was  prepared  from  0.48  g  of  merocyanlne.  Heating  this  with  0.86  g  of  the  ethyl-p-toluenesulfon- 
ate  (VUl)  and  5  ml  of  pyridine  yielded  a  dye  which,  in  contrast  to  the  previous  one,  separated  when  the  mixture 
of  starting  materials  was  boiled.  The  dye  was  washed  with  80*^  aqueous  alcohol,  hot  toluene,  and  ether.  The 
yield  was  0.55  g  (68,6%).  The  crude  dye  was  dissolved  in  250  ml  of  chloroform  and  purified  twice  by  chromato¬ 
graphy  on  AI2O3.  A  20%  solution  of  methyl  alcohol  in  chloroform  was  used  for  elution.  Finally,  the  dye  was  con¬ 
verted  into  the  iodide  (XVI),  which  was  recrystalUzed  from  glycol  (methyl  alcohol  and  dry  ether  were  added  to 
the  mother  solution).  The  dye  (XVI)  was  a  dark,  finely  crystalline  powder  with  a  metallic  bronze  luster  and  m.p. 
292*  (with  decomp.);  the  absorption  maximum  was  at  635  (alcohol). 

Found  %.  I  15.40,  15.39.  C3,Hs70N4S4l. 

Calculated  %:  I  15.26. 


SUMMARY 

1.  The  action  of  bromine  on  benzthlazolyl-2  methyl  ketone  in  glacial  acetic  acid  yielded  benzthiazolyl-2 
bromomethyl  ketone, and  some  of  its  conversions  were  investigated. 

2.  Two  new  heterocyclic  bases  were  synthesized,  namely,  2-methyl-4-(benzthlazolyl-2*>-thlazole  and 
2- methyl- 5-(benzthlazolyl-2')-thlazole, 

3.  From  the  quaternary  salts  of  these  benzthiazolylthlazoles  we  synthesized  polymethine  dyes  of  various 
types  and  determined  the  position  of  their  main  light  absorption  maxima. 
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For  a  systematic  investigation  of  oxadiazole  derivatives  aimed  at  determining  the  relation  between  chemi¬ 
cal  structure  and  scintillation  efficiency,  we  synthesized  and  studied  a  series  of  new  2- aryl  derivatives  of  1,3,4- 

N - N 


-oxadiazole  of  the  general  formula  R— 


,  where  R  =  4-HJCO-C8H4,  4-HjCCeH4,  4-H,NC,H4,  4-(HjC)iNC,H4, 


4-BiC4H4,  4-H^iOOCC4H4,  4-H|^^4H4,  and  2-furyl.  It  should  be  noted  that,  apart  from  the  single  paper  by 
Ainsworth  [1],  who  obtained  several  representatives  of  this  series  for  the  first  time,  monosubstituted  1,3,4-oxadlaz- 
oles  have  not  been  investigated  further  by  anyone,  as  far  as  we  know. 

Most  of  the  substances  described  in  the  present  work  were  synthesized  by  interaction  of  the  appropriate  hy- 
drazide  with  excess  ethyl  orthoformate  by  the  equation: 

0  _ ivj 
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The  reaction  fen:  the  preparation  of  oxadiazole  proceeded  at  the  boiling  point  of  ethyl  orthoformate,  and  it 
was  found  that  the  heating  time  could  be  stopped  at  the  moment  of  complete  solution  of  the  hydrazide  in  the 
orthoester,  which  usually  required  several  hours.  The  oxadiazole  formed  was  isolated  from  the  reaction  mixture, 
after  removal  of  the  excess  orthoester,  by  vacuum  distillation  if  the  melting  point  was  low  enough,  or  by  recrystal¬ 
lization  from  appropriate  solvents. 

The  method  of  preparing  2-aryl  derivatives  of  1,3,4-oxadiazole  from  hydrazides  and  ethyl  orthoformate  is 
only  applicable  when  the  functional  substituents  in  the  original  hydrazides  are  inert  toward  the  orthoester.  For 
example,  we  were  unable  to  use  this  method  for  synthesizing  such  compounds  as  2-(4-aminophenyl)-  and  2-(4- 
-hydroxyphenyl)-l,3,4-oxadiazoles  since  the  reaction  yielded  high-melting  products  of  Interaction  of  the  corre¬ 
sponding  hydrazides  with  the  orthoester  not  only  through  the  hydrazide ,  but  also  through  the  amino  and  hydroxy 
groups.  Therefore,  for  preparing  such  derivatives,  we  started  from  appropriate  conversions  of  functional  groups  in 
an  already  formed  oxadiazole.  Thus,  2-(4-aminophenyl)- 1,3,4-oxadiazole  was  obtained  from  nltrophenyloxadl- 
azole  by  reduction  with  phenylhydrazine  according  to  the  following  equation  [2]: 


N - N 

I  NOa  f  ailjN  — IIN-C0H5  — ► 

N - N 

\_N  II2  +  3N2  H  2Il2(>  -f  3C„II„. 
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Reducing  agents  acting  in  acid  or  alkaline  media,  like  zinc  dust  or  sodium  disulfide,  for  example,  were  un¬ 
successful  since  it  was  observed  that,  in  contrast  to  2,5-dlsubstltuted  derivatives,  monosubstltuted  1,3,4-oxadlazoles 
were  readily  hydrolyzed,  even  in  the  cold,  with  the  formation  of  the  corresponding  hydrazides  and  formic  acid; 


N - N 


yO  ,0 


-I  H— C 
on  ^NIINllo. 


The  2-substltuted  1,3,4-oxadiazoles  synthesized  in  the  present  work  were  colorless,  crystalline  substances, 
which  were  difficultly  soluble  in  water,  but  readily  so  in  alcohol,  benzene,  and  toluene.  The  amino  group  strongly 
reduced  the  solubility  of  oxadiazole  in  nonpolar  organic  solvents. 

EXPERIMENTAL 

1,  Synthesis  of  2-(4-methoxyphenyl )- 1 ,3 ,4-oxadiazole .  66  g  of  methyl  4- methoxybenzoate  [3]  was  mixed 
with  37  ml  of  98Tt)  hydrazine  hydrate  in  a  flask  fitted  with  a  reflux  condenser,  and  the  mixture  obtained  was  heated 
on  a  boiling  water  bath  for  5  hours.  Cooling  the  reaction  mixture  precipitated  2-methoxybenzhydrazide  as  a 
colorless,  crystalline  product,  which  was  collected  by  filtration,  washed  on  the  filter  with  alcohol,  and  dried.  The 
substance  was  recrystallized  from  water  when  the  yield  was  47  g  (71%).  The  m,p,  was  135*  (136*  [4]), 

25  g  of  4-methoxybenzhydrazlde  was  mixed  with  250  ml  of  ethyl  orthoformate  and  boiled  in  a  flask  with  a 
reflux  condenser  for  15  hours.  Then,  almost  the  whole  of  the  ethyl  orthoformate  was  removed  and  the  residue 
vacuum  distilled  at  140-144*  (4  mm).  The  yield  was  22  g  (83%).  For  further  purification,  the  oxadiazole  obtained, 
which  had  m,p.  61*,  was  vacuum  distilled  twice  more  and  recrystallizedfrom  llgroine, when  it  had  m.p.  63*. 

2-(4-Methoxyphenyl)-l,3,4-oxadlazole  was  a  colorless,  crystalline  substance,  which  was  readily  soluble  in 
alcohol,  benzene,  and  toluene,  and  less  so  in  llgroine  and  water. 

Found  %;  N  15,'JO.  CsHgOiNj. 

Calculated  %:  N  15,91, 

2,  Synthesis  of  2-(4-bromophenyl)-l ,3 ,4-oxadiazole.  A  mixture  of  85  g  of  ethyl  4-bromobenzoate  [4], 

31  ml  of  98%  hydrazine  hydrate,  and  100  ml  of  ethanol  was  boiled  in  a  flask  with  a  reflux  condenser  for  10  hours. 
The  4-bromobenzhydrazide,  which  precipitated  when  the  reaction  mass  was  cooled,  was  collected  by  filtration, 
washed  on  the  filter  with  water  and  a  small  amount  of  alcohol,  and  dried.  After  recrystallization  from  aqueous 
alcohol  with  activated  charcoal,  the  product  was  obtained  in  a  yield  of  60  g  (75%),  The  m.p,  was  165*  (164* [5]), 

30  g  of  4-bromobenzhydrazide  was  boiled  under  reflux  with  150  ml  of  ethyl  orthoformate  for  15  hours.  Dur¬ 
ing  this  time,  the  whole  of  the  hydrazide  passed  into  solution.  The  bulk  of  the  ethyl  orthoformate  was  then  re¬ 
moved  by  distillation,  and  the  crystalline  product  left  in  the  residue  was  collected,  washed  on  the  filter  with  a 
small  amount  of  alcohol,  and  dried.  When  the  product  has  been  recrystallized  from  ethanol,  the  yield  was  27  g 
(86%)  and  the  m.p,  144*.  After  several  further  recrystallizations  from  ethanol,  the  product  had  m.p,  145*. 

2-(4-Bromophenyl)-l,3,4-oxadlazole  was  a  colorless,  crystalline  substance,  which  was  readily  soluble  in 
alcohol,  less  so  in  benzene,  toluene, and  llgroine, and  insoluble  in  water. 

Found  %;  N  12.44.  CgHgONjBr. 

Calculated  %:  N  12,48. 

3,  Synthesis  of  2-(4-methylphenyl)-l, 3 ,4-oxadiazole.  29  g  of  ethyl  4-methylbenzoate  [4]  and  13  ml  of 
98%  hydrazine  hydrate  were  heated  under  reflux  on  a  water  bath  for  10  hours.  The  reaction  mixture  was  then 
cooled  and  the  precipitated  4-methylbenzhydrazlde  collected,  washed  with  ether  on  the  filter,  and  dried.  The 
yield  was  22  g  (76%)  and  the  m.p.  104-105*.  After  two  recrystallizations  from  aqueous  ethanol,  the  product  had 
m.p.  116*  (117*  [6]). 

17  g  of  4-methylbenzhydrazide  was  boiled  in  a  flask  under  reflux  with  200  ml  of  ethyl  orthoformate  until 
the  hydrazide  dissolved  completely,  which  required  about  8  hours.  The  excess  orthoester  was  then  removed,  and 
the  residue  vacuum  distilled  at  122*  (3  mm).  The  yield  was  15  g  (83%)  and  the  m.p.  85-86*.  After  recrystalllza- 
tlon  from  ethanol,  the  product  had  m.p.  86*. 


1997 


2-(4-Methylphenyl)-l,3,4-oxadlazole  was  a  colorless,  crystalline  substance,  which  dissolved  readily  In 
organic  solvents  and  with  difficulty  in  water. 

Found  ‘fe  N  17.72.  CgHjON,. 

Calculated  %;  N  17.50. 

4.  Synthesis  of  2-(4-dimethyIaminophenyl)“l,3,4-oxadiazole.  Methyl  4-dimethylamlnobenzoate  was  ob¬ 
tained  by  boiling  a  solution  of  14  g  of  4-dlmethylaminobenzolc  acid  [7]  with  65  ml  of  anhydrous  alcohol  in  the 
presence  of  2  ml  of  concentrated  HjSO^  for  12  hours.  The  yield  was  13.5  g  (89%).  The  m.p.  was  100*. 

50  g  of  methyl  4-dlmethylamlnobenzoate  was  mixed  with  24  ml  of  98%  hydrazine  hydrate,  and  the  mixture 
obtained  was  heated  on  a  boiling  water  bath  for  5  hours.  The  product,  which  precipitated  after  the  reaction  mass 
had  cooled,  was  collected,  washed  with  water  on  the  filter,  and  dried.  The  yield  was  26  g  (52%).  The  m.p,  was 
168*.  After  recrystallization  from  water,  the  product  had  m.p.  171*  (170-171*  [8]). 

A  mixture  consisting  of  5,5  g  of  4-dimethylamlnobenzhydrazlde  and  50  ml  of  ethyl  orthoformate  was  boiled 
in  a  flask  with  a  reflux  condenser  for  7  hours.  The  bulk  of  the  orthoformic  ester  was  then  removed,  and  the  product 
remaining  in  the  residue  was  collected  by  filtration  and  dried.  The  yield  was  4  g  (69%),  The  m.p,  was  127*. 

After  a  benzene  solution  of  the  oxadiazole  had  been  purified  twice  on  a  chromatography  column  filled  with  alumi¬ 
num  oxide,  the  product  had  m,p.  132*. 

2-(4-Dlmethylaminophenyl)-l,3,4-oxadlazole  was  a  colorless,  crystalline  substance,  which  was  readily 
soluble  in  organic  solvents,  but  Insoluble  in  water. 

Found  %:  N  18.97.  CioHnONj. 

Calculated  %;  N  18.83, 

5.  Synthesis  of  2-(4-aminophenyl)‘l,3,4-oxadiazole.  45  g  of  ethyl  4-nlttobenzoate  was  dissolved  in  50  ml 
of  ethanol,  and  while  the  solution  was  heated  on  a  boiling  water  bath,  15  ml  of  98%  hydrazine  hydrate  was  added 
dropwise.  The  formation  of  a  voluminous  precipitate  began  immediately.  After  the  addition  of  the  hydrazine 
hydrate,  the  mixture  obtained  was  heated  for  20-30  minutes  and  then  the  reaction  mixture  was  cooled  and  the 
precipitate  of  4-nltrobenzhydrazlde  was  collected  by  filtration  and  recrystallized  from  water.  The  yield  was  36  g 
(86%).  The  m.p.  was  210*  (210*  [9]). 

88  g  of  4-nitrobenzhydrazlde  and  550  ml  of  ethyl  orthoformate  were  boiled  in  a  flask  with  a  reflux  condenser 
until  the  hydrazlde  dissolved  completely,  which  required  about  10  hours.  Then  the  excess  orthoester  was  removed 
and  the  2-(4-nitrophenyl)-l,3,4-oxadiazole,  which  precipitated  from  the  residue  on  cooling,  was  filtered  off  and 
recrystalUzed  from  ethanol.  The  yield  was  75  g  (81%),  The  m.p,  was  156*  (156*  [1]), 

To  2  g  of  2-(4-nitrophenyl)-l,3,4-oxadiazole  was  added  7  ml  of  freshly  distilled  phenylhydrazine ,  and  the 
mixture  slowly  heated  with  stirring  on  a  paraffin  bath.  At  90*  a  copious  evolution  of  nitrogen  began,  and  with 
stronger  heating  was  accompanied  by  frothing  of  the  reaction  mass.  When  the  rate  of  gas  bubble  evolution  fell, 
heating  was  gradually  Increased  and  the  temperature  raised  to  140-150*  at  the  end  of  the  reaction.  The  reaction 
was  considered  complete  when  the  evolution  of  nitrogen  practically  ceased.  The  reaction  mixture  obtained  was 
then  cooled  (a  yellow,  crystalline  product  separated),  5  ml  of  benzene  added,  and  the  substance  collected  by  fil¬ 
tration,  washed  with  benzene  on  the  filter,  and  dried.  A  light  yellow  crystalline  product  was  obtained.  The  yield 
was  1,5  g  (89%),  and  the  m,p.  136*.  After  chromatographic  purification  on  charcoal,  the  substance  was  colorless 
and  had  m.p.  138*. 

2-(4-Aminophenyl)-l,3,4-oxadlazole  was  a  colorless,  crystalline  product,  which  was  difficultly  soluble  in 
benzene,  toluene,  and  water,  but  more  soluble  in  alcohols. 

Found  %:  N  26.12.  CgHTON,. 

Calculated  %:  N  26.08, 

6.  Synthesis  of  2-(4-biphenylyl)-l,3,4-oxadiazole.  20  g  of  the  hydrazlde  of  4-blphenylylcarboxylic  acid 
[10]  was  boiled  with  400  ml  of  ethyl  orthoformate  under  reflux  for  20  hours.  If  a  small  amount  of  an  insoluble 
product  remained  after  this,  it  was  removed  by  filtration  and  then  the  bulk  of  the  orthoester  distilled  off.  The 
substance  which  precipitated  on  cooling  was  filtered  off,  washed  with  orthoester  on  the  filter,  and  dried,  A 
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colorless,  crystalline  product  with  m.p,  120*  was  obtained.  A  benzene  solution  of  it  was  then  purified  chromato- 
graphlcally  on  aluminum  oxide.  The  yield  was  11  g  (531fc).  The  m,p,  was  122*. 

2-(4-Biphenylyl)-l,3,4-oxadlazole  formed  colorless  crystals,  which  were  readily  soluble  in  benzene,  alco¬ 
hol,  and  ether,  less  soluble  in  ligroine , and  Insoluble  in  water. 

Found  %  N  12.41.  Ci4HioON2. 

Calculated  °J<r.  N  12.61. 

7.  Synthesis  of  2-(4-carbethoxyphenyl)-l,3,4-oxadiazole,  A  solution  of  30  g  of  diethyl  terephthalate  and 
9  ml  of  98*^  hydrazine  hydrate  in  30  ml  of  anhydrous  alcohol  was  heated  on  a  boiling  water  bath  for  5  hours. 
Cooling  the  reaction  mixture  precipitated  crystalline  4-carbethoxybenzhydrazide,  which  was  collected,  washed 
with  alcohol  in  the  filter,  and  dried.  The  yield  was  18.5  g  (66*70)  and  the  m.p,  160-162*.  After  recrystallization 
from  alcohol,  the  product  had  m.p.  164-165*  (164-165*  [11]), 

1  g  of  4-carbethoxybenzhydrazide  and  20  ml  of  ethyl  orthoformate  were  boiled  under  reflux  for  15  hours. 
The  excess  orthoformic  ester  was  removed  by  distillation,  and  the  product  was  filtered  from  the  residue  and  dried. 
The  yield  was  0.6  g  (57%)  and  the  m.p.  60*.  After  several  recrystallizations  hrom  ligroine , the  product  had  m.p. 
83-83.5*. 

2-(4-Carbethoxyphenyl)-l,3,4-oxadlazole  was  a  colorless,  crystalline  substance,  which  was  readily  soluble 
in  organic  solvents  and  less  so  in  water. 

Found  %;  N  13.08.  Cj^H^oC^Nj. 

Calculated  %:  N  12.84, 

8,  Synthesis  of  2-(2-furyl)-l ,3 ,4-oxadiazole.  4  g  of  the  hydrazide  of  futan-2-carboxylic  acid  [12]  was 
mixed  with  50  ml  of  ethyl  orthoformate  and  carefully  heated  on  a  water  bath.  A  vigorous  reaction  began  im¬ 
mediately,  and  the  whole  of  the  precipitate  dissolved  rapidly.  Heating  was  continued  for  a  further  20  minutes 
after  this.  The  excess  ethyl  orthoformate  was  then  removed  under  reduced  pressure,  and  the  residue  distilled  at 
140*  (1  mm).  The  yield  was  about  3  g  (70%).  After  chromatographic  purification  of  a  benzene  solution  on  aluml' 
num  oxide,  the  substance  had  m.p.  53*. 

2-(2-Furyl)-l,3,4-oxadlazole  was  a  colorless,  crystalline  substance,  which  was  readily  soluble  in  organic 
solvents  and  Insoluble  in  water. 

Found  %:  N  20.89.  CjH^OiNt. 

Calculated  %:  N  20,60, 


SUMMARY 

1.  Fight  2-substituted  1,3,4-oxadiazoles,  which  are  not  described  in  the  literature,  were  synthesized,  and 
their  properties  studied  and  the  conditions  for  the  preparation  of  the  intermediate  products  were  defined  more  ac¬ 
curately. 

2.  A  route  for  the  synthesis  of  amino  derivatives  of  1,3 ,4-oxadiazole  was  developed. 

LITERATURE  CITED 

[1]  C,  Ainsworth,  J.  Am.  Chem.  Soc,  77,  1148  (1955), 

[2]  I.  Guben,  Methods  of  Organic  Chemistry,  Vol,  II,  No.  1,  549  (1941).  • 

[3]  E,  Votocek  and  J.  Matejka,  Ber.  46,  1759  (1913), 

[4]  T,  Curtius  and  H.  Melsbach,  J.  Pr.  Chem,  (2),  81,  501  (1910). 

[5]  T,  Curtius  and  E,  Fortner,  J.  Pr.  Chem,  (2),  58,  199  (1898). 

[6]  R.  Stolle,  J.  Pr.  Chem.  (2),  69,  366  (1904). 

•  In  Russian, 


1999 


[7]  D,  Ott,  N.  Hayes,  C,  Hansbtiry  and  V.  Kerr,  J.  Am.  Chem,  Soc.  79,  5448  (1957), 

[8]  H.Standlnger  and  R.  Endle,  Ber.  50,  1045  (1918). 

[9]  T.  Curtlus,  and  O.  Trachmann,  J.  Pr.  Chem.  (2),  51,  168  (1895). 

[10]  H.  Wleland,  A.  Hlntermaler  and  J.  Dennstedt,  Lieb.  Ann.  452,  6  (1927). 

[11]  T.  Curtlus  and  E.  Davidls,  J.  Pr.  Chem.  (2),  54,  78  (1896). 

[12]  T.  Curtlus  and  R.  Lelmbach,  J.  Pr.  Chem.  (2),  65,  24  (1902). 


2000 


SYNTHESIS  OF  SOME  1  ,4- PIP  ER  A  ZINE- BIS- C  A  RBOT  HIOS  U  LFE  N  A  MIDE  S 

I.  I.  Eitlngon,  N.  P.  Strel'nlkova  and  M.  S.  Fel'dshteln 
Tire  Industry  Scientific  Research  Institute 
Original  article  submitted  May  9,  1958 


There  Is  contradictory  data  In  the  literature  on  the  character  of  the  products  from  the  Interaction  of  equi¬ 
molar  amounts  of  piperazine  and  carbon  disulfide.  The  finely  crystalline,  light  yellow  substance  obtained  In  this 
case  corresponded  In  composition  to  the  empirical  formula  C5H10N2S2.  Under  the  name  of  Thlolde  [1],  this  sub¬ 
stance  found  application  as  an  anthelmintic,  and  also  for  the  analytical  determination  of  cobalt  In  the  presence 
of  nickel  and  copper.  By  heating  Thlolde  with  0,1  N  KOH  solution,  T,  Pavolinl  and  F,  Gambarln  [2]  obtained  a 
neutral  potassium  salt  with  the  composition  C|gH||N4S4K2  which.  In  their  opinion.  Indicated  the  presence  In  the 
complex  of  compounds  containing  two  sulfhydryl  groups.  By  solution  of  Thlolde  In  alkali  and  subsequent  treatment 
with  benzyl  chloride,  J,  Dunderdale  and  T,  Watkins  [3]  obtained  a  mixture  of  the  benzyl  esters  of  plperazlnedl- 
thlocarboxyllc-1  acid  and  plperazlnedldlthlocarboxylic-1,4  acid.  In  the  opinion  of  these  authors,  the  starting 
material  was  a  complex  consisting  of  the  structural  units  of  the  mono-  and  didlthlocarboxylic  acids  of  piperazine. 

As  a  result  of  the  Interaction  of  carbon  disulfide  with  piperazine  in  an  alkaline  medium,  and  subsequent 
oxidative  condensation  of  the  reaction  product  with  appropriate  secondary  aliphatic  amines,  we  obtained  two  pre¬ 
viously  unknown  substances, namely,  1,4-plperazlne-bls-carbothlosulfendlmethylamlde  (I)  and  1 ,4-plperazlne- 
-bls-carbothlosulfendlethylamlde  (II), 


CH2CH2 

n2NS(S=)C— ^N— C(=S)SN 
CHiCHz 

It  =  CII,  (I),  C,H,  (I!) 

The  formation  of  these  substances  gives  grounds  for  proposing  that  the  Interaction  of  piperazine  with  carbon 
disulfide  In  an  alkaline  medium  proceeds  with  the  formation  of  the  dlsodlum  salt  of  plperazlne-bls-dlthlocarboxyllc- 
-1,4  acid  (ni),  which  Is  the  Intermediate  product  In  the  formation  of  the  sulphenamlde  derivatives  by  subsequent 
oxidative  condensation  with  amines  by  the  reaction: 

GHz  CII2 

NhS(S=)CN<^  >NC(=S)SNa  +  2HN(H)2  +  2J2 
CTTTCHz 
(III) 

CII2  GII2 

(n)2NS(S=)CN^  \NC(=S)SN(U)2  +  2NaI  f  2HI,  whereu  =  cn,or 

cTTrcHa 


Both  of  the  compounds  obtained  were  found  to  be  quite  efficient  accelerators  of  sulfur  vulcanization  for 
natural  and  synthetic  butadiene-styrene  rubber. 
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EXPERIMENTAL 

Preparation  of  l,4-plpera2lne-bls-carbothlosulfendlmethylamlde  (I).  Into  a  round- bottomed  flask,  fitted 
with  a  mercury  seal,  a  reflux  condenser,  a  dropping  funnel,  and  a  thermometer  were  placed  17.2  g  of  piperazine 
(In  the  form  of  the  free  base),  16  g  of  sodium  hydroxide,  and  320  ml  of  water.  After  the  reaction  mass  had  been 
cooled  to  8-10*,  30.4  g  of  carbon  disulfide  was  gradually  added  with  stirring,  over  a  period  of  1  hour.  The  reac¬ 
tion  mixture  was  then  kept  for  30  minutes  at  18-20*.  At  this  temperature,  720  g  of  a  25%  aqueous  solution  of 
dlmethylamlne  (180  g)  was  gradually  added  over  a  period  of  1  hour.  After  the  addition  of  the  dimethylamlne , 
the  oxidative  condensation  was  carried  out.  For  this  purpose,  101.6  g  of  Iodine  In  400  ml  of  20%  aqueous  potas¬ 
sium  Iodide  solution  was  gradually  added  at  the  same  temperature  over  a  period  of  2  hours.  The  crystalline  pre¬ 
cipitate  formed  was  collected,  washed  with  water  and  then  alcohol,  and  dried  In  air.  The  yield  of  1,4-plperazlne- 
-bls-carbothiosulfendlmethylamlde  was  38  g  (58.6%).  After  washing  with  alcohol,  the  white,  crystalline  substance 
had  m.p.  146-147*.  The  substance  obtained  was  readily  soluble  in  the  cold  in  benzene  and  carbon  tetrachloride 
and  In  alcohol  and  acetone  on  heating. 

Found  %:  C  36.96t  H  6.40{  S  39.18;  N  17.49.  CioH,oS4N4. 

Calculated  %:  C  37.03;  H  6.17;  S  39.50;  N  17.28. 

Preparation  of  1,4-plperazlne-bls-carbothlosulfendlethylamlde  (II).  The  sulfenamlde  derivative  with  dl- 
ethylamlne  was  obtained  similarly  with  the  only  difference  that  a  larger  excess  of  amine  was  used.  We  used 
17.2  g  of  piperazine,  30.4  g  of  carbon  disulfide,  and  584  g  of  dlethylamine.  The  amounts  of  sodium  hydroxide 
and  o:cldant  corresponded  to  those  used  for  the  preparation  of  (I).  The  white,  crystalline  substance  obtained  had 
m.p.  105-106*  after  washing  with  water  and  then  alcohol.  The  yield  of  1,4-plperazine-bls-carbothlosulfendiethyl- 
amlde  was  39.2  g  (50.1%). 

The  substance  dissolved  readily  In  the  cold  In  benzene,  carbon  tetrachloride,  acetone,  and  ether,  and  In 
alcohol  on  heating. 

Found  %;  C  44.30;  H  7.54;  S  33.81;  N  14.85.  C14HMS4N4. 

Calculated  %c  C  44.21;  H  7.37;  S  33.68;  N  14.73. 

SUMMARY 

1.  The  reaction  of  piperazine  with  carbon  disulfide  In  an  alkaline  medium  and  subsequent  oxidative  con¬ 
densation  of  the  intermediate  product  with  secondary  aliphatic  amines  gave  the  corresponding  sulfenamlde  deriva¬ 
tives.  1 ,4- Piperazine- bls-carbothiosulfendlmethylamlde  and  1 ,4-plperazlne-bls-carbothlosulfendlethylamide 
were  synthesized  and  described  for  the  first  time. 

2.  The  formation  of  these  compounds  by  the  synthesis  described  gives  a  basis  for  proposing  that  the  condensa¬ 
tion  of  piperazine  with  carbon  disulfide  in  an  alkaline  medium  forms  the  dlsodium  salt  of  piperazine-bls-dithlo- 
carboxylic- 1 ,4  acid. 
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SYNTHESIS  AND  SOME  CONVERSIONS  OF  SULFIDES 
OF  THE  THIOPHENE  SERIES 
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As  was  shown  in  a  series  of  communications  from  our  laboratory,  published  from  1952  on  [1],  and  by  certain 
foreign  investigators,  the  reductive  desulfurization  of  thiophene  derivatives  may  be  used  for  the  preparation  of 
many  classes  of  aliphatic  compounds.  This  method  has  found  ever  increasing  application,  for  example,  in  the 
work  of  Buu-Hol  [2]  and  Badger  et  al.  [3],  who,  unfortunately,  did  not  mention  our  investigations. 

One  of  the  practical  limitations  of  this  method  is  connected  with  the  fact  that  the  a-position  of  the  thio¬ 
phene  nucleus  is  most  reactive  and  is  usually  entered  by  the  functional  group  in  substitution,  and  this  ultimately  de¬ 
termines  the  structure  of  the  desulfurization  product;  derivatives  of  thiophene  with  functions  in  the  3 -position, 
which  should  act  as  starting  compounds  in  appropriate  cases,  are  still  difficultly  accessible,  though  certain  new 
routes  for  their  preparation  have  been  found  in  recent  years  [4,5].  In  certain  cases,  it  is  possible  to  attain  the  de¬ 
sired  ends  by  using  2,5-dlalkyl  derivatives  instead  of  thiophene  Itself,  though  the  lengthening  of  the  chain  in  the 
desulfurization  product  that  this  involves  is  often  undesirable.  In  addition,  if  the  substituent  groups  in  such  a  thio¬ 
phene  homolog  are  different,  then  in  the  synthesis  of  its  derivative  further  difficulties  arise  due  to  the  possible 
formation  of  a  mixture  of  Isomers.  Gronowitz  [5]  proposed  the  use  of  2,5-dlchlorothiophene  as  the  starting  materi¬ 
al  for  the  synthesis  of  3-substltuted  thiophenes;  the  halogen  could  be  removed  readily  at  the  appropriate  stage. 

For  some  purposes,  this  route  is  undoubtedly  useful,  but  in  other  cases  the  halogen  atoms  may  have  a  negative  de¬ 
activating  effect  on  the  thiophene  ring.  Another  possible  route  to  the  preparation  of  aliphatic  compounds.  Involv¬ 
ing  thiophene  derivatives  substituted  in  position  3,  may  be  based  on  blocking  of  the  a -position  with  a  group  acti¬ 
vating  the  nucleus  and  readily  removable  during  the  desulfurization  process.  The  alkylmercapto  group  has  such 
properties.  As  far  as  we  know,  up  to  now  only  two  alkyl  thienyl  sulfides  have  been  described,  namely,  methyl  2- 
-thienyl  sulfide  [7-9],  and  ethyl  2-thlenyl  sulfide  [8].  A  convenient  method  of  synthesis  from  2-thlenylmagnesium 
iodide,  sulfur  and  methyl  iodide  [9]  gives  a  yield  of  50-60%.  As  we  found,  methyl  2-thienyl  sulfide  and  ethyl  5- 
-ethyl-2-thlenyl  sulfide  are  obtained  from  the  corresponding  bromides*  in  approximately  the  same  yield.  A  more 
convenient  method  of  synthesizing  sulfides  of  this  type,  making  it  possible  to  reach  yields  of  about  80%  is  described 
in  the  experimental  section.  It  involves  the  use  of  lithium  derivatives  of  thiophene*  *  and  its  homologs,  which 
react  with  sulfur  similarly  to  organomagneslum  compounds.  The  important  thing  is  that  there  is  no  need  for  pre¬ 
paring  2-halothlophenes.  By  this  method,  we  prepared  methyl  2-thienyl  sulfide,  ethyl  2-thienyl  sulfide,  methyl 
5-methyl-2-thlenyl  sulfide,  and  ethyl  5-ethyl- 2-thlenyl  sulfide;  the  identity  of  the  latter  with  the  sulfide  obtained 
from  5-ethyl-2-thlenylmagnesium  bromide  was  established  by  comparison  of  their  acetyl  derivatives.  We  should 
note  that  the  synthesis  of  methyl  2-thienyl  sulfide  by  the  method  described  required  a  certain  (about  20%)  excess 
of  thiophene,  as,  otherwise,  methyl  butyl  sulfide  was  formed,  and  this  could  not  be  separated  by  distillation,  ap¬ 
parently  due  to  its  capacity  for  giving  azeotropic  mixtures  with  the  alkyl  thienyl  sulfide.  We  did  not  observe  such 
a  phenomenon  in  other  experiments  and,  for  example,  in  the  case  of  ethyl  2-thlenyl  sulfide,  complete  separation 
from  the  dlalkyl  sulfide  was  attained  by  one  or  two  vacuum  distillations. 

*We  obtained  the  5-bromo-2-ethylthlophene  required  for  the  synthesis  in  75%yleld  by  the  action  of  a  bromlde- 
bromate  mixture  on  2-ethylthiophene. 

*  *The  metallation  was  carried  out  by  the  action  of  n-butyllithium. 
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By  interaction  with  two  moles  of  n-biitylllthlum  and  then  with  sulfur  and  methyl  Iodide,  thiophene  gave 
2,5-bis-(methylmercapto)-thiophene  (II)  together  with  methyl  2-thIenyl  sulfide  (I), 

Lcil.,  Il.,cj  Lcil.. 

S-'  s 

(I)  (II) 

The  action  of  acetyl  chloride  in  the  presence  of  stannic  chloride  on  alkyl  2-thlenyl  sulfides,  substituted 
with  methyl  or  ethyl  groups  in  position  6,  gave  high  yields  of  the  corresponding  acetyl  derivatives.  On  the  other 
hand,  under  the  same  conditions,  methyl  2-thienyl  sulfide  and  2,5-bis-(methylmercapto)-thlophene  gave  acetyl 
derivatives  In  considerably  lower  yields  and  tar  formation  was  observed.  This  was  apparently  connected  with  the 
instability  of  the  original  sulfides  toward  acidic  reagents.  Methyl* 2-thlenyl  sulfide  was  acetylated  with  acetic 
anhydride  in  the  presence  of  orthophosphorlc  acid  in  somewhat  better  yield  and,  in  this  case,  besides  the  mono¬ 
acetyl  derivative  (HI),  a  small  amount  of  a  substance  was  formed  which  corresponded  in  composition  to  the  dl- 
acetyl  derivative.  Since  the  first  of  these  compounds  (see  below)  was  5-methylmercapto-2-acetothienone  (III), 
the  structure  of  the  second  may  be  represented  by  Formula  (IV).  Its  formation  is  apparently  caused  by  the  activat¬ 
ing  action  of  the  alkylmercapto  group  and ,  on  the  other  hand ,  the  colncid.ence  of  its  orienting  effect  with  that  of 
the  first  acetyl  group.  The  activating  action  of  the  alkylmercapto  group  may  be  explained  by  the  fact  that,  in 
the  acetylation  of  an  equlmolecular  mixture  of  thiophene  and  methyl  2-thienyl  sulfide  with  an  insufficient  amount 
of  acetyl  chloride  in  the  presence  of  stannic  chloride  ("competing  reactions*  method),  2-acetothlenone  and  (III) 
were  isolated  in  yields  of  15  and  48%,  respectively;  77%  of  the  thiophene  was  recovered  unchanged. 


-S 

(III) 


SCI!.,  II., COG'' 


(IV) 


EOCII;, 

f'll . 


The  structure  of  the  monoacetyl  derivative  (III)  was  established  on  the  basis  of  the  fact  that  when  treated 
with  Raney  nickel,  hexanone-2  was  formed.  In  addition,  the  reaction  products  contained  a  small  amount  of  dode- 
canedlone-2,11.  As  Badger  et  al.  [10]  showed,  the  latter  is  also  formed  in  the  reductive  desulfurization  of  2-aceto¬ 
thlenone, 


yr  C4HaCOGIl3 

llaGOGx^.^'JiGlla 


\ 


/>  . 


GOGH, 


GH;,GO(Gll2)8COGll3 


Starting  from  purely  formal  considerations,  the  acetylation  product  of  alkyl  2-thlenyl  sulfides,  substituted 
with  alkyl  radicals  in  position  5  of  the  thiophene  ring,  may  be  ascribed  structure  (V)  or  (VI).  The  choice  between 
these  two  formulas  was  made  on  the  basis  of  data  from  oxidation  by  King's  method  [11]  and  subsequent  reductive 
desulfurization  of  2-ethylmercapto-5-ethylthlophenecarboxylic  acid  with  Raney  nickel.  This  yielded  methyl-n- 
-butylacetic  acid  (VIII),  which  was  identified  in  the  form  of  the  amide.  The  formation  of  this  acid  indicates  that 
the  starting  acetyl  derivative  had  structure  (V)  and  not  (VI),  since  only  acid  (IX )  could  have  been  obtained  from 
the  latter. 


,i('OGII, 


iiGOOH 


iloC-J  ISG^H., 

S 

(V) 

I*3^0G|- — I 

JsG.,n., 

(VI) 


JsGzHs 

S 

(VII) 

IIOOGii - ,7 


GH 


1 1. Gal  ''SG.,IIr 

S 


GIIGOOII 

G4H/ 

(vrii) 

G2n5N 

>GIIG(^OII 

C3H7/ 

(IX) 
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Alkyl  thienyl  sulfides  of  type  (X)  were  readily  bronilnated  In  the  ortho  position  to  the  aikylmercapto  group. 
Thus,  the  action  of  bromide— broinate  solution  on  ethyl  5- ethyl -2- thienyl  sulfide  gave  an  84®^  yield  of  a  mono 
bromo  derivative,  whose  structure  was  shown  to  be  that  of  3-bromo-5-ethylmercapto-2-ethylthlophene  (XI)  by  its 
conversion  into  2-ethylmercapto-5-ethyl-3-thiophenecarboxylic  acid  (VII), 


llr,< 


SC.,11, 


S 

(.\) 


's 


Hr 

SC..H- 


(XI) 


(VII) 


The  data  presented  indicate  that  protecting  the  a-posltlon  in  the  ring  of  2-alkylthlophenes  by  means  of  an 
aikylmercapto  group  makes  it  possible  to  obtain  thiophene  derivatives  with  functional  groups  in  the  8  -position 
and  ortho  to  this  group.  When  treated  with  Raney  nickel,  such  substances  readily  form  compounds  of  the  aliphatic 
series,  corresponding  in  structure  to  the  products  of  elimination  of  the  ring  and  sulfide  sulfur  atoms.  The  intro¬ 
duction  of  an  aikylmercapto  group  as  a  method  of  blocking  the  a-posltlon  of  the  thiophene  ring  is  preferable  to 
halogenation,  which  is  used  for  the  same  piurpose  in  some  cases,  since  the  thiophene  ring  is  activated  with  respect 
to  the  action  of  electrophilic  agents,  and  compounds  containing  such  groups  may  be  acylated  by  the  Frledel-Crafts 
method,  halogenated  and  metallated  with  organometalllc  compounds.  In  connection  with  this,  it  is  necessary  to 
remember  that,  in  the  acylation  of  a-bromo-substituted  thiophenes  by  means  of  aluminum  chloride,  the  halogen 
is  frequently  replaced  by  an  acyl  group  [12],  We  observed  a  similar  phenomenon  in  the  acetylation  of  5-bromo- 
-2-ethylthlophene  in  the  presence  of  stannic  chloride:  the  reaction  product  consisted  of  5-ethyl- 2- acetothlenone 
and  contained  a  njuch  smaller  amount  of  5-bromo-2-ethylacetothienone  of  unestablished  structure.  In  conclusion, 
we  would  like  to  report  that  we  studied  a  method  of  eliminating  the  aikylmercapto  group  from  alkyl  thienyl  sul¬ 
fides,  which  made  it  possible  to  retain  the  thiophene  ring;  it  included  oxidation  of  the  sulfide  to  the  sulfoxide 
and  subsequent  action  of  butylUthlum.  This  method  will  be  described  in  detail  in  the  next  communication. 

EXPERIMENTAL 

5-Bromo-2-ethylthiophene.  Over  a  period  of  1  hour  with  stirring,  820  ml  of  an  aqueous  bromide- bromate 
solution  with  a  bromine  concentration  of  64  g/ liter  was  added  to  a  mixture  of  33,6  g  of  2-ethylthlophene,  200  ml 
of  ether,  and  120  ml  of  cone.  HCl,  cooled  to  +(1-3)",  and  the  mixture  was  then  stirred  for  15  minutes  without 
cooling.  The  ether  layer  was  separated,  the  aqueous  one  extracted  with  ether,  and  the  combined  ether  solution 
washed  with  water,  10*70  NaOH  solution,  and  dried  with  calcium  chloride.  After  removal  of  the  ether,  the  residue 
was  vacuum  distilled.  We  obtained  43,6  g  (75,3*7o)  of  5-bromo-2-ethylthlophene  with  b.p.  76-78*  (10  mm); 
n^^D  1.5580  [78.5"  (11  mm)  [13],  n'^D  1.5570  [14]]. 

Preparation  of  alkyl  2-thienyl  sulfides,  a)  From  the  organomagnesium  compound.  With  cooling  in  ice, 

7.4  g  of  dry,  finely  ground  sulfur  was  added  to  2-ethyl- 5- thlenylmagnesium  bromide,  prepared  from  43,5  g  of 
5-bromo-2-ethylthiophene  and  6.6  g  of  activated  magnesium  in  100  ml  of  ether.  The  mixture  was  boiled  for 
45  minutes,  then  39.4  g  of  dry  ethyl  iodide  added  with  cooling  in  ice;  boiling  was  continued  for  an  additional 

1.5  hours.  The  mixture  was  left  overnight  under  nitrogen  and,  on  the  following  day,  after  4  hours  boiling,  it  was 
treated  with  100  ml  of  25*70  ammonium  chloride  solution  with  cooling.  The  ether  layer  was  separated,  washed 

3  times  with  0.5  N  KOH  solution  and  water,  the  ether  removed  and  the  residue  steam  distilled.  After  separation 
from  the  water  and  drying,  the  ethyl  5- ethyl- 2- thienyl  sulfide  distilled  at  109-110*  (14  mm)j  n*®D  1,5547,  weight 
15,9  g  (50,5*7»),  After  a  second  vacuum  distillation, the  sulfide  had  the  following  constants. 

B.p.  102-103*  (10  mm),  d*®^  1.0577,  n*®D  1.5539,  MRd  51.98;  calc.  52.02. 

Found  %  C  55.59,  55.65;  H  6.80,  6.87;  S  37.69,  37.57.  CgHuS,. 

Calculated  *7o:  C  55.76;  H  7,02;  S  37,22, 

The  acetyl  derivative  obtained  from  this  sulfide  (see  below)  melted  at  47.5-48*  after  recrystalUzatlon  from 
heptane. 

Similarly,  from  2-bromothlophene  we  obtained  methyl  2-thlenyl  sulHde  (48*!fc  yield)  with  b.p.  180-184*, 
n*“D  1.5940  (b.p.  182*  [9],  n“D  1.5978  [15]). 
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and  about  80  g  of  Raney  nickel  were  boiled  for  2  hours.  After  this,  a  test  for  sulfur  on  the  filtrate  was  negative. 
The  precipitate  was  collected  by  filtration  and  extracted  in  a  Soxhlet  apparatus  for  8  hours.  The  alcohol  was  dis¬ 
tilled  off  from  a  flask  with  a  large  reflux  head,  and  the  residue  was  diluted  with  water  and  extracted  with  ether. 
After  removal  of  the  ether,  3.5  g  of  a  mixture  of  aliphatic  alcohol  and  ketone  remained,  and  this  was  dissolved  in 
80  ml  of  glacial  acetic  acid  and  treated  with  7  g  of  chromium  trioxide  at  25-30*  for  2  hours.  The  mixture  ob¬ 
tained  was  poured  onto  ice,  neutralized  with  sodium  carbonate,  and  extracted  with  ether.  The  ether  solution  was 
washed  with  water  and  sodium  bicarbonate  solution,  and  dried  with  magnesium  sulfate.  The  ether  solution  yielded 
0.8  g  of  hexanone-2  with  b.p.  126-127“,  n^^D  1,3990  and  0.55  g  of  dodecanedlone-2,11,  which  melted  at  68-68.5* 
after  recrystallization  from  heptane. 

Found  %  C  72.40,  72.35;  H  10.97,  10.96.  CeHaO,. 

Calculated  %:  C  72.68;  H  11.00, 

The  hexanone-2  yielded  a  semicarbazone,  which  melted  at  124"  after  recrystallization  from  50%  alcohol, 
acetone,  and  ethyl  acetate. 

Found  %:  C  53.41,  53.66;  H  9.63,  9.62;  N  26.46,  26.33.  C7H15ONJ. 

Calculated  %  C  53.48;  H  9.81;  N  26.73. 

A  mixed  melting  point  with  this  semicarbazone  and  that  obtained  from  an  authentic  sample  of  hexanone-2 
was  not  depressed.  The  following  constants  are  given  in  the  literature  for  hexanone-2, 

B.p.  127.2*  (760  mm),  n^^D  1.40072  [18],  semicarbazone,  m.p.  123.5-124.5*  [19],  126*  [18];  for  dodecanedi- 
one-2.11  m.p.  69*  [20]. 
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of  ether  and  12  ml  of  cone.  HCl  at  10-15*  was  added  75  ml  of  an  aqueous  bromide -bromate  solution  with  a  brom¬ 
ine  concentration  of  64  g/ liter  over  a  period  of  2  hours  with  stirring.  After  being  stirred  for  30  minutes,  the  mix¬ 
ture  was  worked  up  in  the  usual  way  to  yield  6.3  g  (84*!^)  of  a  colorless  substance,  which  distilled  at  100-109* 

(2  mm),  n*°D  1.5805.  After  three  distillations,  the  product  had  b.p.  105*  (2  mm),  n’*’D  1.5862. 

Found  C  38.38,  38.37 j  H  4.21,  4.26.  CgHiiBrSj. 

Calculated  C  38.25;  H  4.41. 

2-Ethylmercapto- 5-ethyl-3-thiophenecarboxvlic  acid.  To  a  solution  of  4.2  g  (0.017  mole)  of  3-bromo-5- 
-ethylmercapto-2-ethylthlophene  in  40  ml  of  dry  ether  at  0*  was  added  0.018  mole  of  n-butylllthium  in  ether. 
After  15  minutes  stirring,  the  yellow  solution  was  poured  into  a  mixture  of  dry  ice  and  ether.  After  evaporation 
of  the  carbon  dioxide,  20  ml  of  water  was  added  with  cooling.  The  aqueous  layer  was  separated  and  heated  with 
charcoal.  Acidification  yielded  2.0  g  (55.5^)  of  a  colorless  acid  which  melted  at  126-127*  after  recrystallization 
fromheptane.  A  mixed  melting  point  with  a  sample  of  the  acid  obtained  by  oxidation  of  the  acetyl  derivative 
(see  above)  was  not  depressed  . 

Acetylation  of  5-bromo-2-ethylthiophene.  7.7  g  of  5-bromo-2-ethylthiophene  was  acetylated  in  benzene 
with  an  equivalent  amount  of  acetyl  chloride  in  the  presence  of  stannic  chloride  (see  above).  The  usual  processing 
and  vacuum  distillation  yielded  two  fractions:  1st,  b.p.  74-95*  (2  mm),  4.2  g;  2nd,  b.p.  95-100*  (2  mm),  1.5  g. 
The  latter  fraction,  which  distilled  with  decomposition,  crystallized  on  cooling  and  contained  bromine.  After  re- 
crystallization  from  n-octane,  the  substance  melted  at  37-37.5*  and  its  composition  corresponded  to  5-bromo-2- 
-  ethyl- 3  (or  4)-  acetothienone. 

Found  •k  C  41.50  ,  41.58;  H  3.86,  3.85.  C,H,OBrS. 

Calculated  %  C  41.21;  H  3.90. 

A  semicarbazone  was  prepared  from  the  first  fraction,  and  this  was  recrystallized  from  acetone  and  alcohol, 
when  it  did  not  contain  halogen  and  melted  at  210-211*  (with  decomp.)  on  rapid  heating. 

Found  C  51.11.  50.99;  H  6.19,  6.09;  S  15.16,  15.10.  CjHijONjS. 

Calculated  C  51.16;  H  6.20;  S  15.18. 

The  literature  reports  for  5-ethyl- 2- acetylthiophene  b.p.  125.5*  (16  mm)  [13],  and  for  the  semicarbazone, 
m.p.  210-211.5*  [6]. 

SUMMARY 

1.  A  method  was  developed  for  preparing  alkyl  thienyl  sulfides  from  lithium  derivatives  of  thiophene  and 
its  homologs. 

2.  An  investigation  was  made  of  the  acetylation  of  alkyl  thienyl  sulfides  in  the  presence  of  stannic  chloride 
and  orthophosphoric  acid.  It  was  shown  that  the  acetyl  group  enters  the  position  ortho  to  the  sulfide  group  when 
both  a-positlons  of  the  thiophene  are  occupied  and  in  position  5  in  alkyl  2-thlenyl  sulfides. 
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3.  It  was  shown  that  for  the  preparation  of  compounds  of  the  aliphatic  series,  corresponding  to  3-substltuted 
thiophenes,  by  hydrogenolysis  of  the  latter,  the  method  of  protecting  the  a-posltion  of  the  thiophene  nucleus  with 
activating  alkylmercapto  groups  is  extremely  convenient. 
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The  purpose  of  the  present  work  was  the  preparation  and  polymerization  of  unsaturated  heteroorganlc  com¬ 
pounds  containing  Sn,  Ge,  and  Si  in  their  structure,  namely  vinyl  and  styryl  derivatives  of  the  type  RjMCH=Cl^ 
and  RjMCgH/IH  =  CHj,  Trlethylvlnylsilane  was  obtained  for  the  first  time  by  Ushakov  and  Itenberg  [1]  by  dehy¬ 
drochlorination  of  triethyl-B-chloroethylsilane:  a  more  detailed  investigation  of  this  compound  and  its  analogs 
was  made  by  Kanazashi,  who  obtained  them  by  the  Interaction  of  trialky Ichlorosilanes,  vinyl  bromide,  and  Na  [2], 
We  synthesized  trimethylvinylsilane  by  the  reaction  of  vinylmagnesium  bromide  with  trimethylchlorosilane  and 
triethylvinylstannane,  according  to  Seyferth  and  Stone's  method  [3],  by  the  reaction  of  vinylmagnesium  bromide 
with  triethylchlorostannane ,  and  we  obtained  triethylvlnylgermane  for  the  first  time  by  the  reaction  of  triethyl- 
bromogermane  with  vinylmagnesium  bromide  (dl-,  trl-,  and  tetravinyl  derivatives  of  germane  are  described  in 
the  literature  [4,5]).  We  also  synthesized  trlchlorovinylgermane  by  the  scheme  of  Petrov  et  al.  [6],  but,  using  as 
the  starting  material  tribromoethylgermane,  which  was  obtained  by  direct  synthesis  h:om  ethyl  bromide  and  metal¬ 
lic  germanium  in  the  presence  of  reduced  copper.  It  is  interesting  to  note  that  in  the  reaction  of  tribromoethyl¬ 
germane  with  sulfuryl  chloride  in  the  presence  of  benzoyl  peroxide,  together  with  chlorination  of  the  ethyl  group, 
there  was  complete  replacement  of  the  bromine  by  chlorine  and,  as  a  result,  the  reaction  yielded  trichloro-a- 
-chloroethyl-  and  trichloro-fl-chloroethylgermane;  dehydrochlorination  of  the  latter  with  quinoline  proceeded 
normally  and  led  to  the  formation  of  trlchlorovinylgermane  [6]. 

In  analogy  with  the  preparation  of  4-trialkyisllylstyrenes  by  dehydration  of  appropriate  phenylmethylcarbin- 
ols  [7,8],  we  attempted  to  synthesize  trlalkylstannyl-  and  germanyl  derivatives  of  styrenes.  The  reaction  of  4-trl- 
ethylstannylphenylmagnesium  bromide  and  acetaldehyde  yielded  4-triethylstannylphenylcarbinol,  the  reaction  of 
4-triethylgermanylphenylmagneslum  bromide  with  acetaldehyde  gave  4-trlethylgermanylphenylcarbinol,  and  the 
reaction  of  ethylene  oxide  with  4-trlethylgermanylphenylmagnesium  bromide  gave  3  -(4-triethylgermanylphenyl)- 
-ethyl  alcohol.  Since  attempts  to  dehydrate  these  alcohols  were  unsuccessful,  for  synthesizing  the  substituted 
styrenes,  we  used  the  method  of  Kharasch  [9]  and  prepared  4-trlethylstannylstyrene  from  4-triethylstannylphenyl- 
magnesium  bromide  and  vinyl  bromide  in  the  presence  of  anhydrous  cobalt  salts;  4-triethylgermanylstyrene  and 
4-trimethylsilylstyrene  were  obtained  analogously. 

We  attempted  to  obtain  polymers  from  the  unsaturated  compounds  synthesized.  As  polymerization  initiators 
and  catalysts  we  tested  titanium  tetrachloride,  a  mixture  of  triethylalumlnum,  and  titanium  tetrachloride,  triiso- 
butylboron,  boron  trifluoride,  and  the  diacid  fluoride  of  butylboric  acid;  polymerization  was  carried  out  in  block 
and  in  solution.  The  yields  in  the  polymerizations  were  insignificant  and  did  not  exceed  3.4^  (4-triethylstannyl- 
styrene);  the  most  efficient  catalyst  was  found  to  be  titanium  tetrachloride  (solvent  methylene  chloride,  tempera¬ 
ture  —50*).  The  low  yields  of  polymerization  product  may  be  explained  by  steric  hindrance  to  the  polymerization 
reaction  caused  by  the  large  volume  of  the  RsM-  and  R3MCjH4-  groups,  as  was  proposed  by  Kanazashi  [2]  for  the 
analogous  compounds  of  silicon. 
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EXPERIMENTAL 


Triethylvinylgermane.  To  vinyl  magnesium  bromide  (from  13.5  g  of  vinyl  bromide  and  3  g  of  magnesium 
in  50  ml  of  absolute  tetrahydrofuran)  was  added  24  g  of  trlethylbromogermane  [10]  in  50  ml  of  the  same  solvent, 
when  the  evolution  of  heat  was  observed.  The  reaction  mixture  was  boiled  for  5  hours,  cooled,  and  decomposed 
with  ammonium  chloride  solution,  the  organic  layer  separated,  the  aqueous  layer  extracted  with  ether,  the  ether 
extract  added  to  the  organic  layer  and  dried,  the  solvent  removed,  and  the  residue  vacuum  distilled.  We  obtained 
6.7  g  (35.5%)  of  triethylvinylgermane  with  b.p.  151-152*  at  748  mm  and  40.0*  at  4  mm,  n^^D  1.4518. 

Found  %:  C  51.99,  52.17;  H  9.76,  9.80;  Ge  37.92,  38.00.  CgH^Ge. 

Calculated  %:  C  51.43;  H  9,76;  Ge  38,86, 

Triethylvinylstannane  [3]  was  obtained  analogously  from  25.0  g  of  vinyl  bromide,  6.5  g  of  magnesium,  and 
28  g  of  triethylchlorostannane  in  150  ml  of  absolute  tetrahydrofuran.  We  isolated  11.92  g  (46.0%)  of  triethylvinyl¬ 
stannane  with  b.p.  53-54*  at  7  mm,  n*®D  1.4809. 

Trimethylvinylsilane  was  obtained  analogously  from  53.5  g  of  vinyl  bromide,  12,5  g  of  magnesium,  and 
27  g  of  trimethylchlorosllane  in  250  ml  of  absolute  tetrahydrofuran.  We  isolated  9,44  g  (24.8%)  of  trimethylvinyl¬ 
silane  with  b.p.  53-54*  at  757  mm,  n*®D  1.3878. 

Triethyl-4-bromophenylgermane  [11],  24  g  of  trlethylbromogermane  in  absolute  tetrahydrofuran  was  added 
to  a  solution  prepared  from  5  g  of  magnesium  and  48  g  of  p-dibromobenzene  in  the  same  solvent.  The  reaction 
mixture  was  heated  for  2  hours,  cooled,  and  decomposed  with  ammonium  chloride  solution,  the  organic  layer 
separated,  the  aqueous  layer  extracted  with  ether,  the  ether  extract  added  to  the  organic  layer  and  dried,  the  sol¬ 
vent  re  moved, and  the  residue  vacuum  distilled.  We  obtained  11.2  g  (46.6%)  of  trlethyl-4-bromophenyl germane 
with  b.p.  126-129*  at  5  mm,  n*®D  1.5560, 

We  also  isolated  14.4%  of  the  original  p-dlbromobenzene. 

Found  %;  C  45.15,  44.99;  H  5.70,  5,86.  CnHigGeBr. 

Calculated  %;  C  45.64;  H  6.02. 

fl  -(4-Triethylgermanylphenyl)-ethyl  alcohol.  To  the  organomagneslum  compound  prepared  from  15  g  of 
triethyl-4-bromophenylgermane  and  1.4  g  of  magnesium  in  absolute  ether  was  added  a  solution  of  2.64  g  of  ethyl¬ 
ene  oxide  in  ether,  the  mixture  heated  for  3  hours  and  then  worked  up  in  the  usual  way  on  the  following  day.  We 
obtained  5,7  g  (42,5%)  of  6-(4-triethylgermanylphenyl)-ethyl  alcohol  with  b.p,  95-97*  at  5  mm,  n*®D  1.5155. 

Found  %:  C  59.66,  59.80;  H  8.35,  8.38.  Ci4Ht4GeO. 

Calculated  %:  C  59.87;  H  8.55. 

4-Triethylgermanylphenylmethylcarbinol  was  obtained  analogously  to  the  previous  compound  from  15  g  of 
trlethyl-4-bromophenylgermane,  1.4  g  of  magnesium,  and  2.64  g  of  acetaldehyde.  We  obtained  3,84  g  of  carbln- 
ol  (19.6%)  with  b.p.  92.5-93*  at  5  mm,  n*®D  1.5170. 

4-Triethylstannylphenylmethylcarbinol  was  obtained  similarly  to  the  previous  compound  from  42.5  g  of 
trlethyl-4-bromophenylstannane  [11],  3,1  g  of  magnesium,  and  5.7  g  of  acetaldehyde  in  150  ml  of  absolute  ether. 
The  reaction  mixture  was  kept  at  —10*  for  2  hours  and  at  room  temperature  for  1  hour,  and  then  poured  onto 
100  g  of  ice;  if  a  stable  emulsion  formed,  1%  sulfuric  acid  solution  was  added.  By  the  usual  method,  the  ether 
solution  yielded  5,7  g  (14.9%)  of  carbinol  with  b.p,  112-114*  at  4  mm,  n*®D  1.5422. 

Found  %.  C  51.76,  51.52;  H  6.92,  6.90;  Sn  36.79,  36.89.  Ci4Hj4SnO. 

Calculated  %:  C  51.72;  H  7.39;  Sn  36.29. 

Attempts  to  dehydrate  the  above  carbinols  by  heating  with  phosphorus  pentoxide  in  benzene  or  in  the  pres¬ 
ence  of  potassium  bisulfate  under  reduced  pressure  were  unsuccessful;  although  dehydration  occurred  over  alumi¬ 
num  oxide  at  300-320*  at  a  pressure  of  150  mm,  it  was  impossible  to  isolate  the  dehydration  products  in  a  pure 
form. 

4-Triethylstannylstyrene.  To  a  solution  of  the  organomagnesium  compound  prepared  from  49.5  g  of  triethyl- 
-4-bromophenylstannane  (b.p.  150-151*  at  6  mm,  n*®D  1.5628)  and  4.4  g  of  magnesium  in  150  ml  of  absolute 


•Carried  out  with  the  help  of  L.  A.  Gavrikova  and  L.  M.  Soskova. 
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ether  was  added  0.88  g  of  anhydrous  cobalt  chloride  with  cooling  to  —10*  and  the  reaction  mixture  was  kept  in  a 
stream  of  nitrogen  until  it  darkened  considerably.  Then,  with  strong  cooling,  29.4  g  of  vinyl  bromide  was  added, 
and  the  reaction  mixture  kept  at  room  temperature  for  12  hours,  heated  for  0.5  hours,  cooled,  and  poured  into  a 
mixture  of  100  g  of  ice,  200  ml  of  water,  and  10  ml  of  glacial  acetic  acid.  The  ether  layer  was  washed  with  5*^ 
sodium  bicarbonate  solution  and  dried,  and  by  the  usual  method  it  yielded  10.8  g  (24.2*^)  of  4-trlethylstannylsty- 
renewlthb.p.  100-102*  at  4  mm,  n*®D  1.5388. 

Pound'll):  C  54.37,  54.50;  H  7.06,  7.00;  Sn  37.76,  37.81.  Ci4HMSn. 

Calculated  C  54.44;  H  7.17;  Sn  38.41. 

4- Triethylgermanylstyrene  was  obtained  analogously  to  the  previous  compound  from  21,8  g  of  trlcthyl-4- 
-bromophenylgermane  (b.p.  126-129*  at  5  mm,  n*®D  1.5560),  1.7  g  of  magnesium,  0.45  g  of  anhydrous  cobalt 
chloride,  and  14.8  g  of  vinyl  bromide  in  100  ml  of  absolute  ether.  The  yield  of  4-triethylgermanylstyrene  was 
4.8  g  (26.4*^t>)  with  b.p.  95.5-96.5*  at  6  mm,  n*®D  1.5192. 

Found  ‘fe  Ge  27.81,  28.34.  C^HnCe. 

Calculated  °h.  Ge  27.64. 

4- Trimethylsilylstyrene  was  synthesized  analogously  to  the  previous  compound  from  54  g  of  trimethyl-4- 
-bromophenylsilane  (b.p.  126-128*  at  20  mm,  n*®D  1,5340),  5.8  g  of  magnesium,  1.6  g  of  anhydrous  cobalt  chlo¬ 
ride  .and  51  g  of  vinyl  bromide  in  200  ml  of  absolute  ether.  We  obtained  4.0  g  (9.6*^)  of  4-trimethylsilylstyrene 
with  b,p.  103*  at  22  mm,  n*®D  1.5236.  According  to  literature  data,  the  b.p.  is  101-101.5*  at  20  mm,  n*®D  1.5221 
[8]. 


SUMMARY 

A  series  of  unsaturated  compounds  of  germanium,  tin,  and  silicon  were  synthesized  and,  of  these,  triethyl- 
vinylgermane,  4-triethylgermanylstyrene,  and  4-trlethylstannylstyrene  were  described  for  the  first  time. 
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In  a  previous  communication,  2-phenylphenazine  and  some  of  its  derivatives  were  described  [1].  In  connec¬ 
tion  with  searches  for  new  antitubercular  preparations,  analogs  of  pyocyanlne,  in  the  present  article  a  description 
is  given  of  1-phenylphenazine,  its  chloro  and  methoxy  derivatives,  the  N- monoxides,  quaternary  salts  of  the  bases, 
and  quaternary  salts  of  the  N- monoxides. 

The  base  and  N- monoxide  of  1-phenylphenazlne  were  obtained  by  an  alkaline  condensation  according  to 
Wohl's  method  [2]  of  o-nitrodiphenyl  with  appropriate  amines  (aniline,  anisldine,  and  chloroaniline),  or  of  o-amino- 
diphenyl  with  aromatic  nitro  derivatives  (nitrobenzene,  nitrochlorobenzene ,  and  nitroanisole).  For  example,  1- 
-phenylphenazlne  was  obtained  from  o-nitrodiphenyl  and  aniline,  or  o-aminodlphenyl  and  nitrobenzene  by  the 
scheme: 
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o-Nitrodiphenyl  and  p-anisidine  were  condensed  for  the  preparation  of  l-phenyl-7-methoxyphenazine.  In 
the  condensation  of  o-nitrodiphenyl  with  o- anisldine, elimination  of  the  methoxy  group  occurred  with  the  forma¬ 
tion  of  a  considerable  amount  of  1-phenylphenazlne  Instead  of  the  1 -phenyl- 5- methoxyphenazine  expected.  A 
similar  phenomenon  was  observed  by  Serebryanyi  and  Il'yushina  [3]  in  preparing  alkoxyphenazines  from  aromatic 
nitro  compounds  and  o- anisldine  by  Wohl's  method.  If  the  nitro  component  was  used  in  excess  in  the  condensation, 
then  together  with  the  phenazine  base,  the  N- monoxide  of  the  latter  was  also  formed.  It  is  known  [4]  that  in  the 
formation  of  N- monoxides  of  phenazine  the  oxygen  atom  is  derived  from  the  nitro  group  of  the  aromatic  nitro 
compound  used  in  the  condensation.  On  the  basis  of  this,  we  expected  to  obtain  the  9-oxide  of  1-phenylphenazine 
by  the  scheme  presented  above  from  o-nitrodiphenyl  and  aniline.  For  this  purpose,  a  considerable  excess  of  the 
nitro  compound  was  introduced  into  the  condensation.  Only  1.3%  of  the  expected  phenazine  oxide  was  isolated. 
Due  to  steric  hindrance  from  the  phenyl  group,  the  reaction  proceeded  toward  the  formation  of  1-phenylphenazine, 
of  which  18%  was  isolated  in  the  experiment  described.  However,  in  the  condensation  of  o-nitrodlphenyl  with 
p-anisidine,  a  yield  of  11.4%  of  the  9-oxide  of  1 -phenyl- 7- methoxyphenazine  was  obtained.  In  this  case,  the 
formation  of  the  9-oxide  was  promoted  by  conjugation  of  the  OCH3  group  with  the  nitrogen  atom  at  position  9, 
which  was  reported  previously  [5].  As  a  result  of  the  absence  of  steric  hindrance,  the  reaction  of  o-aminodiphenyl 
with  nitrobenzene  gave  the  10-oxide  of  1-phenylphenazine  in  a  considerable  yield. 

1-Phenyl-  and  l-phenyl-7-chlorophenazines  were  pale  yellow,  crystalline  compounds;  the  methoxy  deriva¬ 
tives  had  a  bright  yellow  color.  In  chloroform  under  a  quartz  lamp,  the  N-monoxides  gave  a  clear  blue  fluores¬ 
cence  which  disappeared  when  the  N-oxide  was  reduced.  The  phenylphenazines  were  converted  Into  colorless  di- 
hydrophenylphenazlnes  in  glacial  acetic  acid  with  zinc  dust.  In  concentrated  sulfuric  acid,  1-phenylphenazine 
and  its  derivatives  formed  solutions  of  green  disalts,  which  changed  to  red  solutions  of  monosalts  on  partial  hydrol¬ 
ysis  and  then  the  bases  crystallized  as  pale  yellow  needles  on  complete  hydrolysis. 
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Fig.  1.  I)  1- Phenyl- 10-methylphenazlnlum  perchlorate;  II)  1- 
-  phenyl- 9 -methylphenazinlum  perchlorate.  Concentration  of 
substance  2.5  •  10"*  M. 


Fig,  2,  I)  l-Phenyl-7-methoxy-lO-methylphenazlnium  perchlor¬ 
ate;  II)  l-phenyl-7-methoxy-N-methyIphenazlnium  perchlorate. 
Concentration  of  substance  4  •  10  *  M. 


Fig.  3.  I)  1-Phenylphcnazine;  II)  l-phenyl-7-methoxyphenazine; 
III)  9-oxlde  of  l-phenyiphenazine;  IV)  10-oxide  of  1-phenylphen- 
azine.  Solvent  —  alcohol;  concentration  of  all  substances:  25*10  *  M. 


2015 


The  quaternary  salts  of  1-phenylphenazine  N-oxides  were  obtained  by  the  method  we  described  previously 
[6],  by  the  action  of  dimethyl  sulfate  on  the  N- monoxide  in  nitrobenzene;  the  salts  of  the  bases  themselves  were 
obtained  by  careful  reduction  of  the  quaternary  salts  of  the  N- monoxides  with  zinc  dust  in  water. 

Due  to  weakening  of  the  basicity  of  the  azine  ring  by  the  introduction  of  the  phenyl  radical,  with  the  aryl- 
ated  phenazines,  the  formation  of  quaternary  salts  proceeded  with  more  difficulty  than  with  the  corresponding  al¬ 
kyl  and  alkoxy  derivatives  of  phenazine.  For  example,  the  quaternary  salts  of  1-  or  2-methylphenazine  were 
formed  when  the  bases  were  heated  with  dimethyl  sulfate  in  nitrobenzene  for  3  minutes  at  90-95*.  Quaternary 
salts  of  1-  or  2-phenylphenazlnes  were  not  formed  under  the  same  conditions. 

Dimethyl  sulfate  reacted  readily  with  1-phenylphenazlne  in  nitrobenzene  over  a  period  of  8  minutes  at 
125-130*  to  give  a  quantitative  yield  of  a  quaternary  salt  in  which  the  alkyl  had  added  to  the  nitrogen  atom  in 
position  10.  This  salt  was  identified  with  a  standard  prepared  from  the  9-oxide  of  1-phenylphenazine  by  the  scheme; 

I  v  I  N  ^  N 
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The  two  salts  (as  the  perchlorates)  had  identical  melting  (214*)  and  decomposition  (217*)  points  and  a  mix¬ 
ture  of  them  melted  and  decomposed  without  depression.  The  absorption  spectra  of  the  salts  coincided  completely; 
the  maxima  of  the  absorption  bands  lay  at  250  (inflection),  267,  387,  and  482  mfi .  The  absorption  curve  is  illus¬ 
trated  in  Fig.  1,  I. 

Under  the  given  conditions,  the  isomeric  salt  with  the  methyl  on  the  nitrogen  atom  at  position  9  was  not 
formed,  probably  due  to  the  proximity  of  the  phenyl  group  and  its  attraction  of  electrons  from  the  nitrogen  atom 
at  position  9.  However,  if  position  10  was  occupied  by  oxygen,  as  in  the  10-oxide  of  1-phenylphenazine,  for 
example,  heating  a  mixture  of  the  latter  with  dimethyl  sulfate  at  135-140*  for  20  minutes  formed  a  quaternary 
salt  of  the  10-oxide  of  1-phenylphenazine  in  which  the  alkyl  had  added  to  the  nitrogen  atom  in  position  9.  By 
reduction  of  this  with  zinc  dust  in  water,  we  obtained  a  second  standard,  the  isomeric  quaternary  salt  1-phenyl- 
-9-methylphenazinium  perchlorate,  whose  spectrum  is  illustrated  in  Fig.  1,  II. 

The  action  of  dimethyl  sulfate  on  l-phenyl-7-methoxyphenazine  yielded  a  l-phenyl-7-methoxy-N-methyl- 
phenazlnlum  salt.  Judging  by  the  melting  and  decomposition  points  (239*)  and  the  absorption  spectra  [250  (inflec¬ 
tion),  277,  382,  and  490  m/i],  the  preparation  obtained  was  identical  with  the  salt  prepared  from  the  9-oxide  of 
1-phenyl- 7- methoxyphenazine  by  the  scheme  presented  above,  i.e,,  it  was  a  1-phenyl- 7-methoxy-lO-methyl- 
phenazinium  salt  (Fig.  2, 1,  II).  The  yield  of  this  salt  was  less  than  in  the  case  where  the  phenyl  group  was  the 
only  substituent  in  the  phenazine  nucleus.  This  apparently  depended  on  the  different  orienting  effects  of  the  phenyl 
in  position  1  and  the  methoxy  group  in  position  7  when  they  were  present  together.  These  effects  were  noticeable 
from  the  absorption  spectra:  1-phenylphenazine,  like  unsubstituted  phenazine,  had  two  narrow  absorption  bands 
with  maxima  at  252  and  365  mp  in  alcohol  solution  (Fig.  3, 1).  The  presence  of  an  OCHs  group  at  position  7  in 
the  1-phenylphenazine  molecule  shifted  the  shortwave  band  of  1-phenylphenazine  toward  longer  wavelengths  by 
10  mp  ,  and  in  the  longwave  region,  a  new  band  appears  with  a  maximum  at  400  mp  in  the  stretching  position 
(Fig.  3,U). 

How  the  absorption  spectra  of  the  N-oxides  of  1-phenylphenazine  changed  may  be  followed  from  the  ab¬ 
sorption  curves  Illustrated  in  Fig.  3,  III  and  IV. 

EXPERIMENTAL* 

1-Phenylphenazine.  139  g  of  o-nitrodiphenyl,  46  g  of  aniline,  120  g  of  powdered  KOH,  and  500  ml  of 
benzene  were  boiled  for  18  hours  with  stirring.  The  benzene  layer  was  decanted  and  the  residue  washed  3  times 
with  hot  benzene.  The  combined  benzene  solutions  were  washed  free  from  alkaline  components  with  water  and 


*1.  B.  Grebenyuk  and  A.  A.  Kasllenko  helped  with  the  experimental  part  of  the  work. 
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steam  distilled.  The  residue  after  steam  distillation  was  dissolved  in  300  ml  of  benzene  and  extracted  with  con¬ 
centrated  hydrochloric  acid.  The  precipitated  acid  salt  was  collected  by  filtration  and  decomposed  with  ammonia. 
The  reaction  products  were  purified  and  separated  by  chromatography  on  aluminum  oxide  (column  600  x  50  mm). 
The  second  from  bottom  zone  yielded  23.3  g  (18%)  of  1-phenylphenazine,  The  yellow  needles  had  m.p.  157* 

(from  alcohol).  They  dissolved  in  benzene  and  chloroform,  and  were  insoluble  In  water  and  difficultly  soluble  in 
llgrolne.They  did  not  fluoresce  under  a  UV  lamp.  The  absorption  maxima  were  at  252  and  365  mji. 

Found  %:  N  10.99,  11.07.  CmHuNj. 

Calculated  %  N  10.95. 

1-Phenylphenazlne  9-oxlde  was  isolated  from  the  third  zone  of  the  chromatogram  of  the  previous  experiment. 
The  lustrous,  olive-colored  plates  had  m.p.  172*  (decomp.).  The  yield  was  1.8  g  (1.3%).  The  product  did  not 
fluoresce  under  a  UV  lamp.  The  absorption  maxima  were  at  279,  364,  382,  406,  and  426  mp. 

Found  %:  N  10.05,  10.09.  CuH^ON,. 

Calculated  %*.  N  10.29. 

1-Phenylphenazine  10-oxide.  95  g  of  o-aminodiphenyl,  92  g  of  nitrobenzene,  120  g  of  powdered  KOH,  and 
350  ml  of  benzene  were  boiled  for  16  hours.  The  reaction  mixture  was  treated  similarly  to  the  previous  one.  From 
the  second  zone  of  the  chromatogram  we  isolated  0.9  g  (0.6%)  of  1-phenylphenazine.  From  the  third  zone  we 
isolated  8  g  (5.2%)  of  1-phenylphenazine  10-oxlde,  which  fluoresced  strongly  under  a  UV  lamp.  The  oxide  Isolated 
from  the  eluate  was  collected  by  filtration,  washed  with Ugrolne  on  the  filter  for  purification,  and  again  recrystal- 
Uzed  from  benzene.  The  bright  yellow  plates  had  m.p.  191*  and  decomp,  point  200-202*.  In  concentrated  sul¬ 
furic  acid,  the  monosalt  had  a  red  color.  The  absorption  maxima  of  1-phenylphenazine  10-oxide  were  at  270, 

295,  364,  382,  41i),  and  430  mp . 

Found  %;  N  10.35,  10.15.  CmHbONj. 

Calculated  %:  N  10.29.  , 

l-Phenyl-7-methoxyphenazlne.  100  g  of  o-nltrodlphenyl,  50  g  of  p-anlsldine,  60  g  of  powdered  KOH,  and 
400  ml  of  benzene,  were  boiled  for  16.5  hours.  The  reaction  mixture  was  treated  similarly  to  the  previous  one. 
From  the  third  zone  of  the  chromatogram  we  Isolated  8  g  (6.6%)  of  l-phenyl-7-methoxyphenazlne.  The  pale  yel¬ 
low  needles  had  m.p.  166*  (from  alcohol).  They  were  soluble  in  benzene  and  alcohol,  with  great  difficulty  in  11- 
grolne,  and  Insoluble  in  water.  The  absorption  maxima  were  at  261,  366,  and  400  mp. 

Found  %  N  9.56,  9.59.  CmHuON*. 

Calculated  %:  N  9.79. 

l-Phenyl-7-methoxyphenazine  9-oxlde  was  isolated  from  the  fourth  zone  of  the  chromatogram  from  the 
previous  experiment.  The  crystalline  product  gave  off  a  bright  orange  light  under  a  UV  lamp.  The  yield  was 
13,8  g  (11.4%).  The  yellow  needles  had  m.p.  199*  (decomp.).  They  were  recrystallized  from  alcohol.  The  prod¬ 
uct  was  readily  soluble  in  chloroform,  A  red  monosalt  was  formed  in  concentrated  sulfuric  acid.  The  absorption 
maxima  were  at  247,  276,  365,  382,  421  and  445  mp. 

Found  %:  N  9.23,  9.14.  CjaHuOjNj. 

Calculated  %:  N  9,27, 

l-Phenyl-5-methoxyphenazine  9-oxide.  100  g  of  o-nitrodiphenyl,  50  g  of  o-anisidine,  120  g  of  powdered 
KOH,  and  400  ml  of  benzene  were  boiled  for  19  hours.  The  reaction  mixture  was  processed  as  usual.  From  the 
second  zone  of  the  chromatogram  we  isolated  23.4  g  (20.4%)  of  1-phenylphenazlne,  formed  as  a  result  of  elimina¬ 
tion  of  the  OCH3  group.  The  m.p,  was  157*.  From  the  third  zone,  we  isolated  10,7  g  (7.5%)  of  l-phenyl-5-meth- 
oxyphenazine  9-oxide.  The  yellow  prisms  had  m.p,  206-207*  (from  xylene).  The  absorption  maxima  were  at 
266,  350,  364,  and  418  mp  . 

Found  %;  N  9.29,  9.18.  C,9Hi40iN2. 

Calculated  %;  N  9.27, 
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1- Phenyl- 7-chlorophenazlne  was  obtained  as  described  above  from  100  g  of  o-nitrodiphenyl  and  51  g  of 
p-chloroaniline  in  a  yield  of  4.7  g  (3.8*^fc).  The  base  was  extracted  from  the  second  zone  of  the  chromatogram 
and  luminesced  weakly  under  a  UV  lamp.  It  was  sparingly  soluble  in  dilute  acids.  The  yellow  prisms  had  m.p. 

188*  (from  o-xylene).  The  absorption  maxima  were  at  257  and  370  mp. 

Found  N  9.62,  9.79;  Cl  12.20,  12.18.  CuHnNjCl. 

Calculated  %  N  9.63;  Cl  12.22. 

1- Phenyl-10- methylphenazinium  9-oxide  perchlorate.  0.54  g  of  1-phenylphenazine  9-oxide  was  dissolved 
in  0.8  ml  of  nitrobenzene  at  115*,  1  ml  of  dimethyl  sulfate  added,  and  the  temperature  kept  at  120-125*  for  20 
minutes.  The  nitrobenzene  and  excess  dimethyl  sulfate  were  washed  out  with  benzene  and  ether  until  the  quater¬ 
nary  salt  solidified  as  a  red-brown  precipitate,  which  was  then  dissolved  in  5  ml  of  alcohol,  treated  with  activated 
charcoal,  and  precipitated  with  sodium  perchlorate.  The  yield  was  0.33  g  (43*^).  The  red-brown  prisms  had  m.p. 
197*  (decomp.).  The  product  was  recrystallized  from  50%  alcohol.  The  absorption  maxima  were  at  260  and  387  mp. 

Found  %:  N  7.31,  7.41;  Cl  9.17,  9.14.  C^HisC^NiCl. 

Calculated  %k  N  7.24;  Cl  9.18. 

l-Phenyl-9- methylphenazinium  10-oxide  perchlorate  was  obtained  analogously  to  the  one  presented  above 
from  0.68  g  of  1-phenylphenazlne  10-oxlde  in  1  ml  of  nitrobenzene  with  1  ml  of  dimethyl  sulfate  at  135-140* 
for  20  minutes.  The  formation  of  the  quaternary  salt  proceeded  with  difficulty.  The  yield  was  0.7  g  (72%).  The 
red  plates  had  m.p.  217*  (decomp.).  The  product  was  recrystallized  from  50%  alcohol.  The  absorption  maxima 
were  at  251,  285,  398,  and  502  rnp. 

Found  %:  N  7.38,  7.49;  Cl  9.26,  9.40.  CbHibObNjCI. 

Calculated  %  N  7.24;  Cl  9.18. 

l-Phcnyl-7-methoxy-lO-incthylphe.nazinium  9-oxide  perchlorate  was  obtained  similarly  from  0.<>  g  of 
l-phcMyl-7-methoxyphenazine  9-oxide  in  2.5  ml  of  nitrobenzene  wlth*1.3  ml  of  dimethyl  sulfate  at  13(i-13r)’  tor 
10  minutes.  The  yield  was  0.4  g  (50%).  The  product  was  recrystallized  from  50%  alcohol.  The  brownish  rod 
prisms  had  m.p.  228*  (deeomp.).  The  absorption  maxima  were  at  262,  383,  and  490  mp. 

Found  %:  N  6.85,  6.99;  Cl  8.69,  8.73.  CjoHiTOgNjCl. 

Calculated  %:  N  6.72;  Cl  8.52. 

l-Phenyl-5-methoxy-lO-methylphenazinium  9-oxide  perchlorate  was  obtained  similarly  from  0.6  g  of  1- 
-  phenyl- 5- methoxyphenazlne  9-oxlde  in  a  yield  of  0.35  g  (44%).  The  lustrous  brown  plates  had  m.p.  175*  and 
decomp,  point  190*  (from  50%  alcohol).  The  absorption  maxima  were  at  287  and  390  mp. 

Found  %:  N  6.64,  6.58;  Cl  8.73,  8.78.  CjoHiTOeNjCl. 

Calculated  %:  N  6.72;  Cl  8.52. 

l-Phenyl-9-methylphenazinium  perchlorate.  0.65  g  of  the  methylsulfate  of  l-phenyl-9- methylphenazinium 
10-oxide  was  dissolved  in  10  ml  of  water  and  0.5  g  of  zinc  dust  added  at  18-20*  with  continuous  stirring.  Over  a 
period  of  3-4  minutes,  the  temperature  rose  to  31-32*  due  to  an  exothermal  reaction.  After  3  minutes,  the  reac¬ 
tion  was  complete,  and  its  end  was  determined  by  the  change  in  color  of  the  quaternary  salt  solution.  The  original 
orange  solution  became  dark  yellow.  The  zinc  dust  was  removed  by  filtration,  and  the  quaternary  salt  precipitated 
by  the  addition  of  a  few  drops  of  a  10%  solution  of  sodium  perchlorate.  The  yield  was  0.1  g  (16%).  The  dark  yel¬ 
low  needles  had  m.p.  180*  and  decomp,  point  195-196*.  The  product  was  recrystallized  from  50%  alcohol.  The 
absorption  maxima  were  at  268,  394,  and  460  mp. 

Found  %:  N  7.34,  7.19;  Cl  9.57,  9.69.  C,9Hi504N2Cl. 

Calculated  %:  N  7.55;  Cl  9.58. 

1-Phenyl-lO- methylphenazinium  perchlorate  was  obtained  similarly  from  0.31  g  of  the  methylsulfate  of 
1-phenyl-lO- methylphenazinium  9-oxide  in  a  yield  of  0.2  g  (69%).  The  brownish  orange  needles  had  m.p.  214* 
and  decomp,  point  217*  (from  50%  alcohol).  The  absorption  maxima  were  at  250  (inflection),  267,  387,  and 
482  mp . 
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from  1.5  g  of  1- phenyl- 7-chlorophenazlne  in  3  ml  of  nitrobenzene  with  2,5  ml  of  dimethyl  sulfate  at  125-130* 
over  a  period  of  half  an  hour.  The  yield  was  1.8  g  (90*^).  The  perchlorate  formed  orange  plates  with  m.p.  216* 
(decomp.).  The  product  was  recrystallized  from  alcohol.  The  absorption  maxima  were  at  255,  268,  380  (stretch¬ 
ing),  394,  and  484  mp  . 

Found  %  N  6.89,  6.85;  Cl  17.54,  17.51.  CMH14O4N2CI,. 

Calculated  °]o:  N  6.91;  Cl  17,53. 

SUMMARY 

A  series  of  1-phenylphenazine  derivatives  were  synthesized,  and  their  properties  described.  It  was  found 
that,  in  the  reaction  of  dimethyl  sulfate  with  1-phenylphenazine,  the  methyl  group  added  only  to  the  nitrogen 
atom  at  position  10,  forming  a  1-phenyl-lO-methylphenazinlum  salt.  The  second  isomeric  salt  with  the  alkyl 
on  the  nitrogen  atom  at  position  9  was  obtained  by  an  indirect  method  through  the  quaternary  salt  of  1-phenyl¬ 
phenazine  10-oxide.  l-Phenyl-7-methoxyphenazlne  gave  an  85-87%  yield  of  a  quaternary  salt  in  which  the  alkyl 
group  added  to  the  nitrogen  atom  at  position  10. 
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In  1957  [1],  we  published  the  results  of  an  investigation  of  the  catalytic  hydrogenation  of  menthene  oxides. 

It  was  established  that  the  hydrogenation  proceeded  with  great  difficulty,  and  led  to  quite  complex  mixtures  of 
products.  Under  the  conditions  we  found,  hydrocarbons,  ketones,  and  other  compounds  were  formed  besides  the 
alcohols  exp)ected.  This  compelled  us  to  use  a  more  suitable  reducing  agent  for  the  conversion  from  oxides  to  the 
corresponding  alcohols.  As  is  known,  steroid  oxides  [2],  and  also  certain  simpler  oxides  [3],  are  readily  converted 
into  alcohols  by  reduction  with  lithium  aluminum  hydride,  and  the  reaction  is  not  usually  accompanied  by  the 
formation  of  side  products.  Only  limonene  monoxide  [4]  of  the  oxides  of  monocyclic  terpenoid  hydrocarbons  has 
been  reduced  with  lithium  aluminum  hydride. 

The  present  article  contains  preliminary  data,  which  we  obtained  by  investigating  the  reduction  of  A’-men- 
thene  oxide  with  lithium  aluminum  hydride. 

The  A*-menthene  oxide,  which  we  used  as  the  starting  material,  was  obtained  by  oxidizing  a  mixture  of 
A®- menthene  and  p-menthane  with  perbenzolc  acid.  This  mixture  of  hydrocarbons  was  prepared  by  partial  hydro¬ 
genation  of  a  mixture  of  A®- menthene  and  A*- menthene  [5],  which,  in  its  turn,  was  obtained  by  thermal  decom¬ 
position  of  menthyl  acetate  [5,6]. 

A®-Menthene  oxide  was  reduced  with  lithium  hydride  both  under  the  usual  conditions  (at  the  boiling  point 
of  an  ether  solution),  and  under  more  drastic  conditions  (at  elevated  temperatures,  and,  finally,  without  solvent). 

It  was  found  that  under  normal  conditions  the  reduction  of  the  oxide  did  not  go  to  completion.  The  amount  of 
aluminum  hydride  taken  had  hardly  any  effect  on  the  final  result:  from  40  to  of  the  oxide  did  not  react  with 
an  LiAlH4  excess  of  from  100  to  485%,  respectively.  When  the  reaction  was  carried  out  under  more  drastic  condi¬ 
tions,  the  A®- menthene  oxide  was  reduced  completely. 

The  composition  of  the  reduction  products  of  A®- menthene  oxide  also  changed  in  relation  to  the  reaction 
conditions.  In  all  cases,  the  main  reaction  products  were  the  corresponding  alcohols:  menthanol-4  and  one  of 
the  stereoisomeric  menthanols-3  of  the  neo  series,  in  all  probability,  neoi  so  menthol.  However,  with  reduction 
under  normal  conditions,  the  main  product  was  menthanol-3  (about  70% calculated  on  the  oxide  reduced),  while 
with  reduction  under  drastic  conditions,  menthanol-3  (about  70%)  predominated. 

We  characterized  menthanol-4  by  preparation  of  the  phenylurethan  with  m.p.  95-96*  [7].  The  Raman  spectra 
of  the  corresponding  fractions  of  the  reduction  products  had  an  intense  line  of  ring  pulsation  with  Ai/  708  cm"®. 

Such  a  Ai/  value  for  pulsation  is  characteristic  of  tertiary  monocyclic  alcohols  of  the  terpene  series  [8]. 

To  identify  the  secondary  alcohol,  formed  by  the  reduction  of  A®- menthene  oxide,  we  prepared  its  p-nitro- 
benzoate  with  m.p.  55-55.5*,  which,  according  to  one  of  the  literature  sources  [9],  corresponds  to  the  p-nitroben- 
zoate  of  DL-neoisomenthol.  The  spectrum  of  the  corresponding  fraction  had  an  intense  line  with  Ai/  760  cm”®, 
characteristic  of  pulsations  of  the  ring  of  secondary  alcohols  of  the  neo  series  [8].* 

•  The  spectrum  of  A®- menthene  also  had  a  line  with  Ai/  760  cm”®.  However,  the  presence  of  the  original  oxide 
in  the  fraction  investigated  was  excluded,  since  the  boiling  point  of  the  oxide  was  considerably  lower  than  the 
boiling  point  of  the  reduction  products. 
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It  should  be  noted  that  in  all  cases  the  reduction  products  also  contained  very  small  amounts  (less  than  lO^) 
of  another  stereoisomer  of  menthanol-3  (menthol  or  isomenthol).  Its  presence  was  Indicated  by  a  line  with  Au 
771  cm~*  [8]  in  the  spectrum  of  the  higher- boiling  fraction  of  the  reduction  products,  and  the  high  optical  activity 
of  this  fraction. 

The  results  we  obtained  make  it  possible  to  put  forward  the  hypothesis  that  A^-menthene  oxide  is  a  mixture 
of  stereoisomers,  which  may  be  readily  reduced  unequally  by  lithium  aluminum  hydride  due  to  steric  hindrance. 
Therefore,  depending  on  the  conditions,  the  composition  of  the  reduction  products  changes  accordingly.  We  pro¬ 
pose  to  examine  this  process  in  more  detail  later. 

EXPERIMENTAL 

Preparation  of  mixture  of  A*-menthene  and  A*-menthene.  Menthyl  acetate,  prepared  from  L-menthol  and 
acetyl  chloride,  was  decomposed  thermally  at  485-510*  [6].  The  yield  of  menthenes  was  86%.  The  b.p.  was  52 
to  53*  at  11.5  mm.  The  composition  of  the  mixture  (determined  from  the  racemization  of  A*-menthene  by  p- 
-toluenesulfonic  acid  [10]),  was  64.3%  of  A*-menthene.  and  35.7%  of  A*-menthene, 

Partial  hydrogenation  of  mixture  of  menthenes.  124  g  of  the  mixture  of  A*-  and  A*- menthenes,  in  25  g 
portions,  was  partially  hydrogenated  in  the  presence  of  Raney  Ni  in  alcohol  solution.  The  hydrogenation  was 
stopped  when  the  volume  of  hydrogen  absorbed  reached  a  value  corresponding  to  the  A*-menthene  content  of  the 
mixture.  We  obtained  120  g  of  a  mixture  of  A’-menthene  and  menthane  with  tXp  +54,4*.  The  A*-menthene  con¬ 
tent  of  the  mixture  was  about  60%. 

Preparation  of  A^-menthene  oxide.  To  58  g  of  the  mixture  of  A*-menthene  and  menthane,  dissolved  in 
105  ml  of  chloroform,  was  gradually  added  420  ml  of  a  chloroform  solution  of  perbenzoic  acid  (containing  38  g 
of  CgHjCOOOH).  During  the  addition,  the  temperature  of  the  reaction  mixture  was  kept  at  from  2  to  9*,  and  the 
mixture  was  then  left  at  room  temperature.  After  24  hours,  the  benzoic  acid  formed  was  extracted  with  20%  sodi¬ 
um  hydroxide  solution.  After  washing  with  water,  drying  with  potassium  carbonate,  and  removal  of  the  chloro¬ 
form,  the  reaction  product  was  fractionated  in  vacuum.  The  main  fraction  had  b.p.  74-74.5*  at  14  mm,  n*®D 
1.4436,  d*°4  0.8930,  ap  +50.52*. 

Reduction  of  A^-menthene  oxide  under  normal  conditions.  To  a  solution  of  23  g  of  A*-menthene  oxide  in 
ether  was  added  170  ml  of  an  ether  solution  of  lithium  aluminum  hydride  (containing  8.3  g  of  LiAlH4;  485%  ex¬ 
cess  of  reducing  agent  in  comparison  with  the  amount  required  theoretically).  The  reaction  mixture  was  boiled 
for  3  hours.  After  careful  addition  of  water  to  the  reaction  mixture  and  separation  of  the  ether  layer,  the  aqueous 
layer  with  a  precipitate  was  treated  with  a  concentrated  solution  of  alkali,  and  then  with  ether.  The  combined 
ether  extracts  were  washed  with  water  and  dried  with  potassium  carbonate,  and  the  ether  removed  by  distillation. 
The  reaction  product  (19.6  g)  was  distilled  at  74-85*  (7.5  mm)  and  had  otp  +12,4*.  The  experiment  was  repeated 
twice.  The  combined  reaction  products,  after  distillation  of  the  bulk  of  the  unreduced  oxide,  were  distilled  on  a 
column  with  an  efficiency  of  25  theoretical  plates.  The  main  fraction  isolated  had  b.p.  82-83*  (8,5  mm),  n*®D 
1.4599,  d“4  0.9046,  ttj)  +0.36*. 

Found  %;  C  76.74,  76.57;  H  12.82,  13.00.  Number  of  OH  groups  1,02,  0.96. 

Calculated  %;  C  76.85;  H  12,90.  Number  of  OH  groups  1.00, 

Phenylurethan  of  menthanol-4.  A  mixture  of  1  g  of  the  fraction  with  b.p.  82-83*  (8.5  mm),  1  g  of  phenyl 
isocyanate,  and  5  drops  of  pyridine  was  heated  in  a  sealed  tube  on  a  water  bath  for  2  hours.  After  12  hours,  the 
tube  was  opened  and  2  ml  of  benzene  added  to  the  reaction  product.  The  precipitated  crystals  were  collected, 
washed  with  water,  and  dried.  After  three  recrystallizations  from  ligroine, the  product  had  m.p.  95.5-96*. 

Reduction  of  A^-menthene  oxide  under  drastic  conditions.  Over  a  period  of  30  minutes,  170  ml  of  an  ether 
solution  of  lithium  aluminum  hydride  (containing  6  g  of  LiAlH4;  390%  excess  of  reducing  agent)  was  added  to 
19.8  g  of  A^-menthene  oxide  in  100  ml  of  ether.  After  the  addition  of  the  hydride,  the  ether  was  removed  by 
distillation;  the  temperature  of  the  reaetion  mixture  was  raised  to  87*,  and  the  residue  changed  into  a  white,  gel¬ 
like  mass.  Then,  after  replacement  of  the  distillation  condenser  by  one  for  reflux,  to  the  heated  flask  was  gradu¬ 
ally  (dropwise  at  first)  added  100  ml  of  ether  with  stirring,  and,  at  this,  the  contents  of  the  flask  dissolved  com¬ 
pletely.  After  the  usual  processing,  the  reduction  product  (16,5  g)  was  distilled  at  88-91*  (11  mm);  it  had  otp 
+8.96*.  In  an  experiment  similar  to  the  previous  one,  the  ether  was  not  distilled  from  the  reaetion  mixture 
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completely;  the  temperature  of  the  reaction  mixture  was  raised  to  60*.  The  original  oxide  was  absent  from  the 
reaction  products  of  both  experiments.  Distillation  of  the  reduction  products  on  a  column  yielded  a  main  fraction 
with  b.p.  84-85*  (8  mm),  n*®D  1.4631,  d*°4  0.9084,  +9.40*. 

Found ‘7o:  C  76.66,. 77.05;  H  12.90,  13.00.  Number  of  OH  groups  0.99,  0.98.  CioHjoO. 

Calculated  C  76.85;  H  12.90.  Number  of  OH  groups  1.00. 

p-Nitrobenzoate  of  menthanol-3.  To  0.9  g  of  the  fraction  with  b.p.  84-85*  (8  mm)  was  added  1.2  g  of  p- 
-nltrobenzoyl  chloride.  The  mixture  was  boiled  for  3  minutes.  The  semiliquid  mass  formed  was  poured  into 
water  when  it  solidified.  The  reaction  product  was  washed  several  times  with  sodium  carbonate  solution  and  water. 
After  three  recrystallizations  from  llgrolne, the  product  had  m.p.  55-55.5*. 

Raman  spectra.  Spectrum  of  A*-menthene  oxide.  Ay ;  224(0),  290(1),  320(0),  364(1),  430(1),  501(0), 

550  (0),  644  (1),  670  (l),  689  (3  broad),  760  (5),  792  (5),  813  (0),  851  (3  broad),  864  (3  broad),  910  (0),  952  (0), 
1047  (4),  1101  (5  broad),  1128  (0),  1157  (5  broad),  1195  (5  broad),  1264  (0),  1278  (0),  1309  (2),  1351  (2  broad), 

1429  (3),  1453-1464  (8  broad). 

Spectrum  of  fraction  with  b.p.  82-83*  (8.5  mm).  Ay :  358  (0),  450  (3  broad),  612  (0),  679  (0),  708  (10), 

789  (0),  762  (2  broad),  905  (0),  932  (1),  953  (1),  988  (l),  1024  (l),  1042  (2  broad),  1064  (0),  1084  (2),  1103  (0), 

1132  (0),  1161  (8),  1266  (5),  1287  (l),  1303  (6),  1312  (1),  1340  (5),  1360  (0),  1392  (l),  1430  (3),  1456  (10). 

Spectrum  of  fraction  with  b.p.  84-85*  (8  mm).  Ay;  364  (3  broad),  401  (0),  421  (0),  448  (3  broad),  492  (O), 
518  (0),  588  (0),  613  (1),  639  (0),  659  (0),  680  (1),  709  (O),  760  (10),  771  (O),  813  (l),  839  (0),  860  (2),  905  (0), 

932  (2).  955  (4),  990  (0),  1026  (2),  1066  (7),  1101  (6),  1155  (6  broad),  1190  (6  broad),  1215  (0),  1247  (3),  1268  (1), 
1314  (5),  1344  (0),  1360  (5),  1392  (0),  1434  (3),  1456  (10). 

SUMMARY 

1.  The  reduction  of  A^-menthene  oxide  with  lithium  aluminum  hydride  proceeds  with  greater  difficulty 
than  that  of  other,  structurally  similar  terpene  oxides. 

2.  Depending  on  the  conditions,  the  main  reduction  product  of  A’-menthene  oxide  was  menthanol-4  (under 
normal  conditions)  or  menthanol-3  (under  drastic  conditions). 
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INVESTIGATION  IN  THE  FIELD  OF  SYNTHESIS  OF  STEROID  HORMONE  ANALOGS 
Vn.  SYNTHESIS  OF  TRANS-A^'*-STERADIENONE-3 


V.  I.  Maksimov  and  G.  S.  Grinenko 

S.  Ordzhonikidze  All-Union  Scientific  Research  Institute  of  Chemical  Pharmaceutics 
Original  article  submitted  June  2,  1958 


In  the  course  of  work  on  the  synthesis  of  steroid  hormone  analogs,  we  prepared  trans-A^*-8teradlenone-3  (VI) 
by  the  following  scheme: 


The  synthesis  of  steradienone  (VI)  from  trans-tricyclic  ketone  (I)  [1]  includes  two  main  stages,  namely,  re¬ 
duction  of  aromatic  ring  B  and  construction  of  ring  A. 

We  reduced  the  aromatic  ring  by  Wilds*  method  [2]  with  lithium  in  liquid  ammonia  and  alcohol.  Attempts 
to  reduce  the  aromatic  ring  in  the  trans- ketone  (I)  with  50  equivalents  of  lithium  were  unsuccessful;  the  original 
ketone  (I)  was  recovered.  (Wilds  used  30  equiv.  of  lithium  for  difficultly  reducible  compounds.)  However,  after 
reduction  of  the  carbonyl  group  of  ketone  (I)  to  a  hydroxyl  group,  saturation  of  the  aromatic  ring  proceeded  in 
quantitative  yield  with  50  equiv.  of  lithium.  The  UV  spectrum  of  the  reduction  product,  obtained  with  such  an 
excess  of  lithium  (Fig.  1,  curve  3),  indicated  the  presence  of  Vio  of  the  original  substance  (II).  With  the  use  of 
30  equiv.  of  lithium  (curve  2),  21-22^  of  the  original  ether  (U)  remained  unreduced.  For  comparison,  the  spectrum 
of  substance  (II)  before  reduction  is  presented  in  Fig,  1  (curve  1), 

During  the  reduction,  the  hydroxyl  group  in  a  position  a  to  the  aromatic  ring  was  eliminated.  Hydrogenolysis 
of  a>hydroxy  groups  is  always  observed  in  the  reduction  of  an  aromatic  ring  with  metals  dissolved  in  ammonia  [3,4]. 

The  enol  ether  (III)  was  hydrolyzed  and  isomerized  by  boiling  with  a  dilute  solution  of  hydrochloric  acid  in 
methyl  alcohol.  The  unsaturated  ketone  (IV)  obtained  was  purified  by  chromatography  on  aluminum  oxide.  The 
first,  uncrystallizable  eluate  (eluted  with ligroine)contalned  the  unreduced  phenol  ether  (II)  (Fig.  2,  curve  l).  Sub¬ 
sequent  elution  with  llgroine  (curve  2)  and  a  mixture  of  ligrolne  and  benzene  (curve  3),  gave  ketone  (IV)  with  an  ab¬ 
sorption  maximum  at  239  mp  and  Ig  c  4.37.  Such  an  absorption  maximum  in  the  ultraviolet  spectrum  is  character¬ 
istic  of  a  ketone  in  which  the  conjugated  bond  is  second  ary- tertiary  (on  the  basis  of  Woodward's  rule  [5]). 

Reduction  of  the  carbonyl  group  in  the  trans-ketone  (I)  with  lithium  aluminum  hydride  gave  a  quantitative 
yield  of  only  one  of  the  two  possible  epimeric  alcohols  (II). 
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Fig.  1.  Explanation  in  text. 


Fig.  2.  Explanation  in  text. 


Analogous  conversions  were  carried  out  in  the  cis  series.  As  with  the  trans-ketone  (I),  the  aromatic  ring  in 
the  cls-ketone  (Vn)  was  not  reduced. 


As  a  rule,  compounds  of  the  cis  series  had  lower  melting  points  than  the  corresponding  compounds  of  the 
trans  series  (see  Table  1). 

We  obtained  trans-antl-trans-tricycllc  ketone  (XI)  by  reduction  of  the  double  bond  in  trans-ketone  (IV)  with 
lithium  in  liquid  ammonia.  The  trans-anti-trans  configuration  was  proposed  for  ketone  (XI)  because  the  reduction 
of  a, 3 -unsaturated  ketones  with  metals  dissolved  in  ammonia  proceeds  stereospecifically  with  the  formation  of 
the  stable  configuration  [6].  Such  a  configuration  for  the  two  coupled  six-membered  rings  is  anti-trans. 


We  constructed  ring  A  under  the  conditions  described  by  Miescher,  Anner  and  Wleland  [7].  We  condensed 
the  trans-ketone  (IV)  with  methyl  vinyl  ketone  in  the  presence  of  sodium  ethylate  in  an  alcohol— dioxane  solution 
at  low  temperature.  The  keto  alcohol  (V)  obtained  was  readily  separated  from  the  original  ketone  (IV),  and 
methyl  vinyl  ketone  by  chromatography  on  aluminum  oxide,  since  (V)  contains  a  hydroxyl  group  and,  therefore, 
is  eluted  from  deactivated  aluminum  oxide  by  a  mixture  of  ether  and  methanol  (4:l),and  ketone  (IV)  and  methyl 
vinyl  ketone  are  eluted  by  benzene.  When  the  keto  alcohol  (V)  was  heated  with  a  methanol  solution  of  sodium 
hydroxide,  dehydration  occurred  with  the  formation  of  the  tetracyclic  ketone  (VI),  which  was  isolated  as  an  oily 
substance  with  an  absorption  maximum  at  X  309  mp  ,  lg€  4.47,  characteristic  of  such  a  conjugated  dienone. 
Trans-A^'®-steradienone-3  (VI)  was  characterized  through  its  2,4-dinitrophenylhydrazone  with  m.p.  253.5-254*. 


EXPERIMENTAL 

Trans-4-hydroxy-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (U).  A  solution  of  2  g  of 
trans-ketone  (I)  in  70  ml  of  dry  ether  was  added  dropwise  to  a  suspension  of  0.2  g  of  lithium  aluminum  hydride 
in  10  ml  of  dry  ether,  with  vigorous  stirring.  After  the  addition,  the  mixture  was  boiled  for  1  hour.  The  reaction 
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TABLE  1 


Melting  Points  of  Compounds  of  the  Trans  and  Cis  Series 


Trans 

Ketone  (I) 

Semicarbazone 
of  ketone  (I) 

Alcohol  (II) 

Acetate 

of  alcoliol  (U) 

Ketone  (IV) 

2,4-Dinitrophenyl- 
hydrazone  of  ketone  (IV ) 

series 

95.5-96* 

245* 

92-93* 

74-75* 

54-55.5* 

202-203.5* 

Cis 

j 

Ketone  (n) 

Semicarbazone 
of  ketone  (VII) 

Alcohol 

(vni) 

Acetate 

of  alcohol  (Vm) 

Ketone  (IX) 

2,4-Dinitrophenyl- 
hydrazoneof  ketone  (IX) 

series 

27-29* 

169-170* 

69-70* 

83-84* 

Liquid 

173-175* 

TABLE  2 

Chromatography  of  Ketone  (IV)  on  Aluminum  Oxide 


Fraction 

No. 

Solvent 

Residue  after  removai 

of  soivent 

weight 
(in  g) 

crystalline  form 

1 

Ligroine  with  b.p.  30-60*  (15  ml) 

0.001 

Did  not  crystallize 

2 

The  same  (50  ml) 

1.2864 

Needles 

3 

The  same  (50  ml) 

0.1933 

Needles 

4 

Mixture  of  ligroine  with 

benzene  (5:1;  50  ml) 

0.1596 

Needles 

5 

The  same  (1:1;  50  ml) 

0.2522 

Needles 

6 

Benzene  (50  ml) 

0.3880 

Needles 

mixture  was  then  cooled  with  ice  water  and  2-3  ml  of  water  added  very  slowly.  Then  a  cooled  2®^  solution  of 
hydrochloric  acid  was  added  slowly  to  the  mixture  until  the  precipitate  of  aluminum  hydroxide  dissolved  com¬ 
pletely.  The  ether  layer  was  separated  and  the  aqueous  one  extracted  with  ether.  The  ether  extract  was  washed 
with  water  and  dried.  Removal  of  the  ether  gave  a  quantitative  yield  of  (II)  with  m,p.  92-93*  in  the  form  of 
needles.  Recrystallization  from  a  mixture  of  benzene  and  ligroinedid  not  change  the  melting  point. 

Found  ‘fe  C  77.18;  H  8.36.  Ci4HaOi. 

Calculated  %  C  77.02;  H  8.30. 

Trans-4-acetoxy- 6- methoxy- 1 ,2-cyclopentano- 1 ,2,3 ,4-tetrahydronaphthalene.  A  mixture  of  0.2  g  of  (II), 

1  ml  of  dry  pyridine,  and  0.2  ml  of  acetic  anhydride  was  kept  at  room  temperature  for  1.6  days.  The  reaction 
mass  was  poured  into  20  ml  of  5%  hydrochloric  acid,  cooled  with  ice.  The  crystalline  precipitate  formed  was 
collected  by  filtration  and  washed  with  water  on  the  filter.  Drying  gave  a  quantitative  yield  of  trans-4-acetoxy- 
-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  with  m.p.  73-74*  in  the  form  of  needles.  After  re- 
crystallizatlon  from  methyl  alcohol,  the  product  had  m.p.  74-75*,  Xmax  ^  ethanol). 

Found  ^<K  C  73,95;  H  7,84,  CjgH2()03. 

Calculated  %  C  73.82;  H  7.74. 

Trans-6-methoxy-l,2-cyclopentano-l,2,3,4,5,8-hexahydronaphthalene  (III).  The  reduction  with  lithium 
in  liquid  ammonia  and  alcohol  was  carried  out  in  a  three-necked  flask,  fitted  with  a  stirrer,  dropping  funnel,  and 
a  tube  with  soda  lime.  The  flask  was  placed  in  a  wooden  box  with  double  walls.  Into  the  two  walls  were  let 
plexiglas  windows  so  that  the  reaction  could  be  observed  in  transmitted  light.  The  box  was  filled  with  cotton  wool 
for  thermal  insulation.  Liquid  ammonia  from  a  tank  was  condensed  in  a  spiral  condenser,  cooled  with  a  mixture 
of  solid  carbon  dioxide  and  ethylene  glycol.  The  ammonia  was  collected  directly  in  the  reaction  flask.  To 
300  ml  of  ammonia  was  added  a  solution  of  2.85  g  of  (II)  in  50  ml  of  dry  ether.  Then  3.84  g  of  lithium  turnings 
was  added  over  a  period  of  20  minutes  with  stirring.  The  lithium  dissolved  and  the  reaction  mass  acquired  a  blue 
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color.  After  a  10-minute  interval,  a  sufficient  amount  of  anhydrous  alcohol  was  added  to  decolorize  the  reaction 
mixture  (30  ml  of  alcohol  over  a  period  of  20-30  minutes).  After  evaporation  of  all  the  ammonia,  a  small  amount 
of  water  was  added,  and  the  product  extracted  with  ether.  The  ether  extract  was  washed  with  saturated  sodium 
chloride  solution,  and  dried.  Removal  of  the  solvent  yielded  2.67  g  of  (III)  as  a  mobile  oil. 

Trans-1 ,2-cyclopentano-A^-octalone-6  (IV).  2.67  g  of  (III),  120  ml  of  methyl  alcohol,  and  6  ml  of  cone. 
HCL  were  boiled  for  15  minutes.  The  residue  after  removal  of  the  methyl  alcohol  in  vacuum  was  extracted  with 
ether.  The  ether  extract  was  washed  with  water  until  neutral,  and  dried.  Removal  of  the  ether  yielded  2.3  g 
(94%  yield)  of  a  colored  oil.  The  substance  was  dissolved  in  ligroine  and  passed  through  a  column  with  30  g  of 
aluminum  oxide  (Tabic  2). 

We  obtained  2.25  g  of  trans-l,2-cyclopentano-A®-octalone-6  (IV)  with  m.p.  54-55.5*,  Xrnax  239  mp  , 

Ig  c  4.37  (in  ethanol).  The  yield  was  97.5%. 

Found  %:  C  81.86;  H  9.34.  CjjHigO. 

Calculated  %:  C  82.00;  H  9.53. 

2.4- Dinitrophenylhydrazone  of  trans-1 ,2-cyclopentano-A*-octalone-6.  To  a  solution  of  0.07  g  of  2,4-di- 
nitrophenylhydrazine  in  7  ml  of  anhydrous  alcohol  and  0.35  ml  of  cone.  HCl ,  was  added  a  solution  of  0.056  g  of 

1 ,2-cyclopentano-A*-octalone-6  (IV)  In  1  ml  of  anhydrous  alcohol.  The  orange  precipitate  formed  was  collected 
and  washed  on  the  filter  with  alcohol  and  ethyl  acetate.  The  m.p.  was  202-203.5*. 

Found  %:  N  14.97.  C,9Hk04N4. 

Calculated  %;  N  15.13. 

Attempted  reduction  of  trans-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (I)  with 
lithium  in  liquid  ammonia  and  alcohol.  To  a  solution  of  2,45  g  of  trans-ketone  (I)  in  100  ml  of  ether,  and  300  ml 
of  ammonia  was  added  3.7  g  of  lithium  turnings  over  a  period  of  20  minutes.  The  reduction  was  carried  out  under 
the  conditions  described  above.*  The  processing  described  yielded  2,3  g  of  a  substance  with  m.p.  94,5-95.5* 

(after  recrystallization  from  alcohol).  A  mixed  melting  point  with  the  original  ketone  (l)  was  not  depressed. 

Trans- anti-trans-1 ,2-cyclopentanodecalone-6  (XI).  To  500  ml  of  liquid  ammonia  was  added  a  solution  of 
1.25  g  of  (IV)  in  12  ml  of  dry  ether  and  12  ml  of  pure,  dry  dioxane.  Then  0.12  g  of  fine  lithium  turnings  was 
added  over  a  period  of  20  minutes  with  stirring.  The  reaction  mixture  acquired  a  blue  color.  After  45  minutes* 
stirring,  the  ammonia  was  removed  under  reduced  pressure.  Between  the  reaction  flask  and  the  water  pump  was 
placed  a  drying  bottle  with  alkali.  After  evaporation  of  the  ammonia,  the  blue  color  disappeared.  The  reaction 
mass  was  left  for  16  hours  at  room  temperature,  and  then  it  was  carefully  decomposed  with  water  and  the  reaction 
product  extracted  with  ether.  The  ether  extract  was  washed  with  water  and  dried  with  sodium  sulfate.  The  residue 
after  removal  of  the  ether  (1.1  g)  was  a  mobile  oil,  which  was  chromatographed  on  30  g  of  aluminum  oxide.  The 
first  four  fractions  of  benzene  (25  ml  each)  contained  0.76  g  (60.2%)  of  trans-anti- trans-1, 2-cyclopentanodecal- 
lone-6(XI)  with  m.p.  32-34*.  The  following  fractions  did  not  give  a  Zimmerman  reaction. 

Found  %:  C  80.96;  H  10.43.  CuHioO. 

Calculated  %;  C  81.25;  H  10,48. 

2.4- Dlnitrophenylhydrazone  of  trans-anti-trans-12-cyclopentano-decalone-6  had  m.p.  133-134*  after  re¬ 
crystallization  from  a  mixture  of  alcohol  and  ethyl  acetate  (4:1), 

Found  %;  C  60.94;  H  6.61;  N  14.09. 

Calculated  %  C  61.27;  H  6.49;  N  15.04. 

Cis-4-hydroxy-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (Vni).  2.2  g  of  cis-4-keto-6- 
-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (VII)  in  70  ml  of  dry  ether  was  reduced  with  0.23  g 
of  lithium  aluminum  hydride,  as  described  above.  The  processing  was  analogous  to  that  described.  We  obtained 
a  quantitative  yield  of  (VIII)  with  m.p.  69-70*  as  needles.  After  recrystallization  from  a  mixture  of  ether  and 
ligroine  ,the  product  had  m.p,  72-73*. 


•  The  lithium  complex  was  decomposed  with  55  ml  of  alcohol. 
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Found  •%-.  C  76.92;  H  8.23.  CwHuOi. 

Calculated  %  C  77.02;  H  8.30. 

Cls-4-acetoxy-6-methoxy-l,2-cyclopentano-l,2,3 ,4-tetrahydronaphthalene.  A  mixture  of  0.5  g  of  (Vin), 

2  ml  of  pyridine,  and  0.4  ml  of  acetic  anhydride  was  left  at  room  temperature  for  35  hours.  The  reaction  mixture 
was  then  poured  into  water.  The  crystalline  precipitate  was  collected  by  filtration  and  washed  with  water.  We  ob¬ 
tained  a  quantitative  yield  of  cis-4-acetoxy-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  with 
m.p.  83-84*.  Recrystallization  from  methyl  alcohol  did  not  change  the  melting  point. 

Found  C  73.98;  H  7.84.  CjeHioQ,. 

Calculated  °}(r.  C  73.82;  H  7.74. 

Cis-l,2-cyclopentano-A*-octalone-6  (X).  a)  11  g  of  (VIII)  was  reduced  with  15  g  of  lithium  (as  turnings) 
in  a  mixture  of  700  ml  of  liquid  ammonia  and  250  ml  of  dry  ether  under  the  conditions  described  above.  The 
lithium  complex  was  decomposed  with  anhydrous  alcohol  (160  ml).  Appropriate  processing  yielded  10  g  of  cls-6- 
-methoxy-l,2-cyclopentano-l,2,3,4,5,8-hexahydronaphthalene  as  a  mobile  oil.  The  yield  was  97*^.  According 
to  ultraviolet  spectral  data,  the  substance  did  not  contain  the  original  (VIII). 

b)  The  hydrolysis  and  isomerization  of  10  g  of  (IX)  was  carried  out  in  450  ml  of  methyl  alcohol  with  12.5  ml 
of  cone.  HCl  under  the  conditions  of  the  experiment  described  above.  Appropriate  processing  gave  9.83  g  (quanti¬ 
tative  yield)  of  cls-l,2-cyclopentano-A*-octalone-6  as  a  colorless,  mobile  liquid  with  b.p.  107-111*  at  0.55  mm, 
n*®D  1.537,  X.niax  244  mp  ,  Ig  €  4.38  (In  ethanol). 

Found  %:  C  82.05;  H  9.45.  CjaHigO. 

Calculated  C  82.00;  H  9.53. 

2,4-Dinitrophenylhydrazone  of  cis-1 .2-cyclopentano-A*-octalone-6  had  m.p.  173-175*  after  recrystalllza- 
tlon  from  alcohol. 

Found  °k  C  61.57;  H  5.96;  N  14.65.  C,9Hi204N4. 

Calculated  ”k  C  61.60;  H  5.97;  N  15.13. 

Trans-A**^-steradienone-3  (VI).  a)  To  a  solution  of  sodium  ethylate  (prepared  from  0.17  g  of  sodium  and 
55  ml  of  anhydrous  alcohol),  was  added  a  solution  of  1.4  g  of  (IV)  in  22  ml  of  dry  dloxane  (free  from  peroxides) 
in  a  stream  of  nitrogen  at  room  temperature.  The  reaction  mass  was  cooled  to  —10"  and  a  solution  of  1.5  ml  of 
methyl  vinyl  ketone  in  4  ml  of  dioxane  was  added  dropwlse  over  a  period  of  V4  bout.  After  the  addition,  the  reac¬ 
tion  mixture  was  stirred  for  15  hours  at  a  temperature  of  from  —10  to  -5*.  Acetic  acid  (2  ml)  was  then  added  to 
a  weakly  acid  reaction,  and  the  solvent  was  removed  in  vacuum.  The  residue  was  dissolved  in  a  small  amount  of 
water  and  extracted  with  benzene.  The  benzene  extract  was  washed  with  sodium  bicarbonate  solution  and  water, 
and  dried  with  sodium  sulfate.  Removal  of  the  benzene  gave  2.2  g  of  substance  in  the  form  of  a  light  oil,  which, 
on  addition  of  ether,  yielded  a  crystalline  side  product  (0.25  g)  with  m.p.  212-214*  (we  did  not  examine  this).  The 
mother  solution  was  evaporated  and  the  residue,  dissolved  in  a  mixture  of  benzene  andligroineOtl)  was  chromato¬ 
graphed  on  a  short  column  with  aluminum  oxide,  deactivated  with  ethyl  acetate.  Elution  with  benzene  and  ether 
yielded  1.35  g  of  a  mixture  of  starting  ketone  (IV)  and  a  polymer  of  methyl  vinyl  ketone.  Elution  with  a  mixture 
of  ether  and  methanol  (4:1)  gave  the  main  product,  A®-steradienol-5-one-3,  (0.57  g)  as  a  partly  crystalline  sub¬ 
stance,  which  was  used  in  the  following  stage  without  purification. 

b)  A  solution  of  0.57  g  of  substance  (V)  in  57  ml  of  methanol  was  boiled  in  a  stream  of  nitrogen  with  7  ml 
of  2  N  sodium  hydroxide  for  1V4  hours.  After  being  made  weakly  acid  with  acetic  acid  (to  litmus),  the  reaction 
mixture  was  evaporated  in  vacuum.  The  residue  was  diluted  with  water  and  extracted  with  ether.  The  ether  ex¬ 
tract  was  washed  with  sodium  bicarbonate  solution  and  then  water,  and  dried.  Removal  of  the  solvent  yielded 
0.48  g  of  a  dark  red  oil,  which  boiled  at  a  bath  temperature  of  200-210*  (at  0.02  mm).  The  ultraviolet  spectrum 
of  the  substance  contained  a  maximum  characteristic  of  dienones  with  conjugation  of  the  double  bonds  [  X^^ax 
309  mfi ,  Ig  €  4.47  (in  ethanol)]. 

The  2,4-dinltrophenylhydrazone  of  trans-A^’®-steradlenone-3  had  m.p.  253.5-254*  after  recrystallization 
from  alcohol. 
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Found  %  C  64.94;  H  6.22;  N  13.16.  C2,H,e04N4. 
Calculated  ^  C  65.38;  H  6.26;  N  13.26. 


SUMMARY 

1.  Trani-A^'*-stcradlcnone-3  was  synthesized. 

2.  It  was  shown  that  reduction  of  the  aromatic  ring  In  els-  and  trans-4-hydroxy-6-methoxy-l,2-cyclopent- 
ano-l,2.3,4-tetrahydronaphthalene  with  lithium  In  liquid  ammonia  and  alcohol  was  accompanied  by  hydrogenolysls 
of  the  a-hydroxyl  and  gave  a  yield  close  to  quantitative. 

3.  Cls-  and  trans-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalenes  were  not  reduced 
by  lithium  In  liquid  ammonia  and  alcohol,  even  when  50  equivalents  of  lithium  were  used. 

4.  Reduction  of  the  carbonyl  group  In  both  the  cls-  and  trans- ketones  [(1)  and  (Vll)]  proceeded  stereospecl- 
flcally  with  the  formation  of  only  one  eplmerlc  alcohol. 
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Aluminosilicates,  titanic  acid,  and  other  solid  catalysts  used  for  the  catalytic  isomerization  and  polymeriza¬ 
tion  of  hydrocarbons  have  strongly  expressed  acidic  properties.  According  to  modem  ideas,  this  determines  the 
catalytic  activity  of  the  catalysts  indicated  [1,2],  On  the  other  hand,  the  acidic  properties  of  silicic  acid  are  very 
weak.  Therefore,  one  would  not  expect  silica  gel  to  have  any  catalytic  activity;  in  any  case,  at  low  and  at  moder¬ 
ate  temperatures. 

Information  available  in  the  literature  on  the  catalytic  activity  of  silica  gel  is  contradictory  and  frequently 
does  not  support  the  ideas  presented. 

Thus,  B,  A.  Arbuzov  and  Z.  G,  Isaeva  [6]  observed  the  isomerization  of  a-plnene,  A*-carene,  and  limonene 
on  silica  gel  under  the  conditions  of  chromatographic  analysis  at  +10*.  The  isomerization  of  plnene  was  complete 
and,  in  composition,  the  reaction  products  were  similar  to  those  obtained  by  the  isomerization  of  pinene  in  the 
presence  of  aluminosilicate  catalysts.  A*-Carene  and  limonene  were  isomerized  somewhat  more  slowly  than  ot- 
pinene.  Also,  under  the  conditions  of  chromatographic  analysis  on  silica  gel,  Gallaway  and  Murray  [7]  observed 
the  isomerization  of  2,4,4-trlmethylpentenes,  2-ethyl-hexene- 1 ,  and  of  other  alkenes  of  the  structure  RR'C«=CHj 
at  +25*. 

On  the  other  hand,  a  series  of  authors  have  reported  the  very  weak  catalytic  activity  of  silica  gel,  and  even 
its  complete  absence.  Thus,  Thomas  [5]  did  not  find  any  activity  for  silica  gel,  obtained  by  hydrolysis  of  ethyl 
orthosilicate,  in  the  cracking  of  Pennsylvania  gasoline.  B.  N,  Rutovskil  and  V.  I.  Lyubomllov  [8]  reported  the  in¬ 
significantly  small  catalytic  activity  of  reactive  silicic  acid.  After  9  hours'  boiling  with  3*^01  this  catalyst,  ot- 
pinene  was  only  15-18*70  Isomerized.  V.  E.  Tishchenko  and  G,  A.  Rudakov  [2]  did  not  detect  the  isomerization  of 
ot-pinene  in  the  presence  of  silica  gel,  obtained  by  A.  P,  Okatov's  method  [9],  at  room  temperature,  but  G.  A, 
Rudakov  achieved  complete  isomerization  of  pinene  with  the  same  catalyst  at  155*  [10,11], 

It  is  known  that,  when  aluminum  oxide  is  introduced  into  silicic  acid  gel  (by  coprecipitation  or  by  impreg¬ 
nation  of  silica  gel  with  an  aluminum  salt  and  subsequent  firing),  the  catalytic  properties  of  the  gel  are  sharply 
increased  [5,12,13],  The  explanation  of  this  may  be  found  in  the  work  of  V.  I.  Vernadskii  and  L.  Pauling  [3,14,15], 
According  to  some  data,  even  the  introduction  of  0.1*11^  of  aluminum  oxide  into  a  silicic  acid  gel  is  sufficient  to 
give  an  active  catalyst  [13], 

At  the  same  time,  one  cannot  exclude  the  possibility  of  small  amounts  of  AljOs  being  present  in  silica  gels 
prepared  technically,  since,  as  a  rule,  the  sodium  silicate  used  for  the  preparation  of  silica  gels  contains  aluminum 
[16].  For  improving  the  stability,  from  4  to  10*7o  of  aluminum  oxide  is  introduced  artificially  into  certain  sorts  of 
silica  gel  produced  by  our  Industry  [17], 

If  we  consider  that,  in  almost  all  the  work  devoted  to  catalysis  by  silica  gels,  there  is  no  data  on  the  chemi¬ 
cal  and  physicochemical  characteristics  of  the  original  catalysts,  then  there  are  grounds  for  proposing  that  the 


•For  report  I  see  [1], 
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TABLE  1 


Properties  of  Catalysts  Studied 


Catalyst 

No. 

Characteristic  of  catalyst 

Igni¬ 

tion 

loss, 
(in  %) 

AlsOs 
con¬ 
tent 
(in  ^0. 

Sur¬ 
face 
(in  m* 
per  g) 

Pore 

volume 
(In  ml 
per  100  g) 

pH  of 
aqueous 

suspen¬ 

sion 

A  mt,  of  CHjCCXJNa 
(in  me-equiv)  react* 
Ing  with  1  g  catalyst 

Camphene  content 
of  Isomerizate 
(in  ’’h)  in  complete 
isomerization 
of  plnene 

1 

Silica  gel.  Industrial  product,  KSK 
grade,  granulated  [17] 

5.57 

0.75 

194 

7.61 

0.04 

_ 

2 

The  same,  ShSK  grade  [17] 

5.63 

1.00 

192 

— 

7.44 

0.04 

45 

3 

The  same,  ShSM  grade,  lumps  [17] 

4.75 

1.36 

98 

- 

3.42 

0.21 

- 

2-0 

Silica  gel,  obtained  from  catalyst  No.2 
by  treatment  with  IK^l 

2.62 

0.73 

123 

89 

3.80 

0.085 

45 

5 

Silica  gel  obtained  from  SICI4 

2.46 

None 

150 

83.5 

5.56 

0.11 

- 

5-3 

The  same.  Impregnated  with 

AKNOs)^  and  fired 

— 

0.11 

_ 

3.80 

0.16 

42 

5-2 

The  same 

2.52 

0.53 

155 

85 

3.97 

0.184 

- 

5-1 

The  same 

- 

5.3 

- 

- 

4.66 

0.332 

50 

5-4 

The  same 

- 

17 

152 

62.5 

5.50 

0.410 

45 

5-6 

The  same 

- 

32 

105 

46 

6.00 

0.265 

50 

6 

Aluminum  oxide 

3.40 

99.6 

- 

- 

7.25 

0 

- 

7 

Activated  Chasov  Yar  clay 

88 

3.49 

0.138 

57 

TABLE  2 

Chemical  Composition  (In  percents)  of  Industrial  Silica  Gels  Used 
(Voskresensk  Chemical  Combine)* 


Oxides 

Catalyst  number 

1 

2 

3 

2-0 

SiOt 

97.64 

96.84 

98.20 

97.68 

AljO, 

0.79 

1.05 

1.42 

0.75 

FejOj 

0.23 

0.24 

0.24 

0.10 

CaO 

0.60 

0.97 

(Not  determined) 

0.84 

MgO 

0.31 

0.52 

- 

0.51 

Na,0 

(Not  determined) 

0.21 

— 

(Not  determined) 

Total 

99.57 

99.83 

99.86 

99,88 

*  The  analyses  were  calculated  on  absolutely  dry  material. 


cases  of  catalytic  Isomerization  of  unsaturated  hydrocarbons  by  silica  gels  described,  especially  at  low  tempera¬ 
ture  [6,7],  were  caused  by  their  aluminosilicate  content.  In  only  one  of  the  works  cited  was  silica  gel  used,  whose 
preparation  conditions  excluded  the  presence  of  aluminum  [5],  and  in  precisely  this  work  silica  gel  was  found  to 
have  no  catalytic  activity. 

An  unequivocal  solution  to  the  problem  of  the  catalytic  properties  of  silicic  acid  gels  Is  Important  for  under¬ 
standing  the  mechanism  of  heterogeneous  acid  catalysis,  and  is  no  less  important  for  solving  the  problem  of  the 
legitimacy  of  using  silica  gel  as  a  sorbent  In  the  chromatography  of  unsaturated  hydrocarbons.  In  this  connection, 
the  present  investigation  was  undertaken  to  analyze  the  available  contradictory  data  on  the  catalytic  properties  of 
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silica  gels.  Studies  were  made  of  the  properties 
of  a  series  of  laboratory  and  factory  silica  gels, 
free  from  traces  of  AljOs,  and  containing  it,  and 
an  evaluation  made  of  the  catalytic  properties  of 
the  most  characteristic  samples.  The  properties 
of  these  gels  were  compared  with  those  of  alumino¬ 
silicates  and  aluminum  oxide.  The  characteristics 
of  the  gels  studied,  and  the  activated  Chasov  Yar 
clay  and  aluminum  oxide  used  for  comparison  with 
them,  are  given  in  Tables  1  and  2. 

The  data  in  the  tables  show  that  silica  gel 
obtained  by  hydrolysis  of  SICI4  and  consequently 
free  from  AI2O3,  gave  an  aqueous  suspension  with 
a  pH  value  close  to  neutral,  and  had  an  insignifi¬ 
cantly  small  exchange  capacity  with  CHaCOONa 
(catalyst  No,  5),  After  deposition  of  0.1  to  0.5% 
of  AljOs  onto  the  surface  of  this  silica  gel,  the  pH 
of  its  acid  suspension  passed  into  the  acid  region, 
and  the  exchange  capacity  increased  without  a 
change  in  the  specific  surface  or  the  porosity  (cat¬ 
alyst  Nos.  5-3  and  5-2),  With  the  introduction  of 
larger  amounts  of  AI2O3,  the  pH  value  of  an  aqueous 
suspension  of  the  catalyst  began  to  increase ,  and 
the  pore  volume  decreased  (probably  due  to  block¬ 
ing  with  A12P3).  but  the  exchange  capacity  con¬ 
tinued  to  increase  (catalyst  No,  5-4),  With  the 
introduction  of  a  very  large  amount  of  AI2QS.  the 
pH  value  of  an  aqueous  suspension  of  the  gel  be¬ 
came  very  close  to  neutral,  and  the  value  of  the 
specific  surface,  the  pore  volume,  and  the  exchange  capacity  decreased  (catalyst  No.  5-6),  The  latter  was  prob¬ 
ably  caused  by  blocking  of  the  whole  catalyst  surface  by  aluminum  oxide,  which  does  not  exchange  with 
Ct^COONa  (catalyst  No,  6), 

The  table  also  shows  that  Industrial  silica  gel  contains  considerable  amounts  of  AI2Q1.  Coarsely  porous 
silica  gels  (catalysts  Nos.  1  and  2),  which  did  not  differ  in  specific  surface  and  p)ore  volume  from  silica  gels  ob¬ 
tained  from  SiCl4,  differed  in  the  pH  values  of  aqueous  suspensions  (these  values  lay  in  the  alkaline  region).  The 
capacity  for  exchange  with  CH/ICXDNa  of  such  gels  was  low.  This  was  probably  the  result  of  sorption  of  cations 
during  washing  of  the  silica  gel  with  insufficiently  pure  water  during  production.  The  impurities  were  removed 
from  catalyst  No.  2  by  treatment  with  hydrochloric  acid  and  subsequent  washing  with  water  (catalyst  No.  2-0).  In 
its  chemical  properties,  the  finely  porous  silica  gel  (catalyst  No.  3)  was  similar  to  silica  gels  obtained  from  SiCl4 
and  containing  AI2O3,  but  differed  from  them  in  specific  surface,  and  had  a  lower  pore  volume. 

The  catalytic  properties  of  the  most  characteristic  samples  of  the  substances  presented  in  Table  1  were  evalu¬ 
ated  from  their  capacity  to  catalyze  the  isomerization  of  a-pinene.  Pinene  was  chosen  since  its  isomerization  in¬ 
volves  very  readily  proceeding  and  conveniently  controllable  processes.  The  results  obtained  are  presented  graphi¬ 
cally  (see  figure). 

The  data  presented  show  that  the  gel  obtained  by  hydrolysis  of  SiCl4  and  not  containing  aluminum  (catalyst 
No.  5)  had  an  extremely  low  catalytic  activity  at  155*.  Its  catalytic  activity  was  so  low  that  it  was  impossible  to 
be  sure  that  it  did  not  arise  from  very  small  amounts  of  Impurities.  At  100*,  this  gel  had  no  catalytic  activity. 

All  the  other  gels,  containing  aluminum,  were  much  more  effective  catalysts  of  pinene  isomerization.  In 
comparing  the  catalytic  activities  of  these  gels  with  each  other  and  with  the  activity  of  catalyst  No.  5,  it  was 
considered  that  the  reaction  rate  at  155*  was  40  times  greater  than  the  reaction  rate  at  100*  (curves  3  and  4),  and, 
also,  that  the  reaction  rate  was  proportional  to  the  amount  of  catalyst  introduced.  Comparison  of  the  data  obtained 
shows  that  at  155*  the  industrial  sample  of  coarsely  porous  silioa  gel  with  the  surface  poisoned  with  sorbed  cations 


Time  (in  hours) 

Rate  of  catalytic  isomerization  of  a-pinene:  1)  catalyst 
No.  5,  10%,  155*  j  2)  catalyst  No,  2,  2%,  1  hour  after  the 
beginning  of  the  reaction  4%,  155*;  3)  catalyst  No,  2-0, 
2%,  155*;  4)  catalyst  No.  2-0,  4%,  100*;  5)  catalyst 
No.  2-0,  20%,  20*;  6)  catalyst  No,  3,  40%,  20*;  7)  cat¬ 
alyst  No.  5-3,  2%,  1  hour  after  the  beginning  of  the  re¬ 
action  3%,  after  4,5  hours  4%,  100*;  8)  catalyst  No,5-l, 
1%,  100*;  9)  catalyst  No.  5-6,  1%,  100*;  10)  catalyst 
No.  7,  1%,  100*. 
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(catalyst  No.  2)  produced  an  Isomerization  of  plnene  that  was  25  times  faster  than  that  produced  by  catalyst  No,  5, 
but  at  +20*  this  gel  was  catalytically  Inactive.  At  155*,  the  same  gel,  after  removal  of  the  sorbed  cations,  pro¬ 
duced  a  reaction  1000  times  faster  than  silica  gel  No.  5,  and  maintained  its  catalytic  activity  at  100  and  20* 
(catalyst  No,  2-0).  The  industrial  sample  of  finely  porous  silica  gel  (catalyst  No,  3)  also  catalyzed  the  reaction 
at  +20*,  Precipitation  of  0,1%  of  AI2O3  on  the  surface  of  catalyst  No.  5  Increased  the  isomerization  rate  by  a 
factor  of  1300,  precipitation  of  5%  AI2O3,  by  a  factor  of  5200,  and  of  30%  AI2O3  by  a  factor  of  2000,  Comparison 
of  the  catalytic  activity  of  various  silica  gels  containing  aluminum  with  the  catalytic  activity  of  activated  clay 
showed  that  their  activities  were  of  approximately  the  same  order. 

It  was  established  that  aluminum  oxide,  obtained  by  firing  aluminum  nitrate  (catalyst  No.  6)  lacked  cata¬ 
lytic  activity  at  155*.  This  shows  that  the  activity  of  silica  gels  containing  aluminum  was  due  to  the  formation 
of  aluminosilicate  on  the  silica  gel  surface,  and  not  the  precipitation  of  active  aluminum  oxide. 

The  products  of  the  catalytic  isomerization  of  a-pinene  on  silica  gel  were  similar  in  composition  to  prod¬ 
ucts  obtained  in  the  presence  of  active  clays.  They  also  contained  camphene  and  monocyclic  terpenes,  but 
there  was  slightly  less  camphene  In  them. 

EXPERIMENTAL 

Before  use,  the  silica  gels  prepared  industrially  (Voskresensk  Chemical  Combine)  were  powdered  and  dried 
at  110*,  or  fired  at  350*.  Silica  gel  No,  3  contained  traces  of  free  acid,  and  it  was  therefore  washed  first. 

For  the  preparation  of  catalyst  No.  2-0,  90  g  of  powdered  catalyst  No.  2  was  kept  under  a  layer  of  hydro¬ 
chloric  acid  (d  1.12)  for  two  days,  and  then  the  hydrochloric  acid  was  poured  off  and  the  silica  gel  washed  by  de¬ 
cantation.  Titration  of  100  ml  of  wash  water  from  the  latter  required  0.1  ml  of  0.1  N  NaOH  solution. 

Catalyst  No.  5  was  obtained  by  A.  V,  Kiselev's  method  [18],  from  SiCl4  (reagent),  distilled  in  a  stream  of 
dry  air.  The  washing  was  similar  to  the  washing  of  catalyst  No.  2-0.  Before  use,  the  silica  gel  was  powdered  and 
fired  at  350-400*. 

Catalysts  Nos,  5-1,  5-2,  and  5-3  were  prepared  by  impregnating  powdered  catalyst  No,  5  with  a  given 
amount  of  aluminum  nitrate  solution,  drying,  and  firing  at  350-400*.  Catalysts  Nos.  5-4  and  5-6  were  treated 
with  aluminum  nitrate  solution  three  times.  After  each  treatment,  they  were  dried  at  200*  and,  after  the  last 
treatment,  they  were  also  fired  at  350-400*. 

For  the  preparation  of  catalyst  No.  6,  aqueous  aluminum  nitrate  was  dried  in  a  porcelain  dish  on  a  water 
bath  for  12  hours.  The  paste  formed  was  dried  at  120*,  and  then  fired  at  350-400*  for  3  hours. 

Activated  clay  was  prepared  by  treating  Chasov  Yar  clay  No.  5  with  hydrochloric  acid  under  the  conditions 
described  previously  [2]. 

The  specific  surface  of  the  silica  gel  was  determined  from  the  adsorption  of  Methylene  blue  [1].  As  is 
known,  in  determining  the  absolute  value  of  specific  surfaces  by  this  method,  considerable  errors  are  possible  due 
to  the  fact  that  the  large  dye  molecules  have  difftculty  in  penetrating  the  fine  pores  of  the  material  investigated. 
These  errors  probably  had  effect  in  determining  the  surface  of  catalyst  No.  3.  However,  since  it  was  most  inter¬ 
esting  to  determine  not  the  absolute  value  of  the  specific  surfaces  of  the  catalysts,  but  the  so-called  effective 
specific  surfaces  [19],  accessible  to  the  comparatively  large  plnene  molecules,  the  method  used  was  suitable. 

The  total  pore  volume  of  the  catalysts  was  determined  by  the  exsiccator  method  from  the  weight  of  water 
absorbed  [20], 

The  pH  value  of  aqueous  suspensions  of  the  catalysts  was  measured  with  a  glass  electrode.  For  preparing 
the  suspension,  5  g  of  catalyst  was  shaken  with  25  ml  of  water.  The  suspension  was  stored  for  12  hours  before  the 
determination. 

The  exchange  capacity  of  the  catalysts  with  CH3COONa  was  determined  by  Yu,  A,  Bitepazh's  method  [4], 

The  plnene  used  for  the  investigation  was  obtained  from  an  industrial  rectification  apparatus.  The  plnene 
had  the  following  properties:  n*®D  1,4665,  d*%  0,8592,  oIq  +21.78*,  and  consisted  of  94%cc-plnene  and  6%  0- 
-pinene. 
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The  isomerization  was  carried  out  in  a  three-necked  flask  with  continuous  stirring.  As  an  inhibitor,  0,01*70 
of  hydroqulnone  was  added.  During  the  course  of  the  process,  samples  were  withdrawn  and  the  camphene  content 
determined  analytically  [21]  and  from  the  data  obtained,  the  percentage  isomerization  of  the  pinene  was  found 
[22].  If  the  physical  constants  of  the  pinene  remained  unchanged  after  4-6  hours,  despite  the  Introduction  of  a  new 
portion  of  catalyst,  we  came  to  the  conclusion  that  the  catalyst  was  inactive  under  the  test  conditions.  This  was 
the  conclusion  in  testing  catalyst  No,  5  (10*51))  at  100*,  and  catalyst  No.  2  (40*5())  at  +20*. 

SUMMARY 

1.  Silica  gel  free  from  aluminum  did  not  catalyze  the  isomerization  of  <x-pinene  at  100*,  but  catalyzed  it 
at  a  very  low  rate  at  155*.  When  0.1*5(>  of  aluminum  oxide  was  precipitated  on  the  surface  of  such  a  gel,  its  cata¬ 
lytic  activity  at  155*  was  increased  by  a  factor  of  1300  and  became  of  the  same  order  as  that  of  activated  clay. 
Silica  gel,  produced  by  our  industry,  contained  about  Vhoi  aluminum  oxide  (and  special  grades,  up  to  \0°h)  and, 
therefore,  catalyzed  the  isomerization  of  a-plnene  even  at  +20*. 

2.  What  has  been  stated  explains  the  ready  isomerization  of  a-pinene  and  other  unsaturated  hydrocarbons 
under  the  action  of  silica  gel  observed  by  certain  authors,  and  also  confirmed  the  theory  of  aluminosilicate  cata¬ 
lysis  formulated  by  V.  E,  Tishchenko  and  G,  A.  Rudakov  [2],  since  the  ready  isomerization  of  unsaturated  hydro¬ 
carbons  under  the  action  of  such  a  weak  acid  as  silicic  contradicts  this  theory. 

3.  The  results  of  the  work  showed  that  silica  gel,  free  from  aluminum,  may  be  used  for  the  chromatographic 
separation  of  unsaturated  hydrocarbons.  The  use  of  technical  gels  containing  about  \%>  of  aluminum  oxide  for  this 
purpose  is  only  permissible  if  the  alumlnosilicic  acids  in  them  are  neutralized.  The  problem  of  how  such  neutrali¬ 
zation  affects  the  separating  properties  of  the  gels  remains  open,  as  yet. 
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SOME  BENZTHIAZOLE  DERIVATIVES 

VI.  A  NEW  METHOD  OF  SYNTHESIZING  2-HYDRAZINOBENZTHIAZOLEMONO- 
AND  DICARBOXYLIC  ACIDS 

I.  A.  Solov'eva  and  A.  G,  Guseva 
All-Union  Motion  Picture  Scientific  Research  Institute 
Original  article  submitted  April  4,  1958 


Hydrazines  of  the  heterocyclic  series  are  usually  synthesized  by  reaction  of  the  appropriate  halo,  hydroxy, 
or  sulfono  derivatives  with  hydrazine.  Thus,  2-  and  4-hydrazlno  derivatives  of  quinoline  [1]  and  pyridine  [2], and 
also  certain  2-hydrazlnobenzthlazoles  [3]  are  readily  obtained  by  the  action  of  hydrazine  hydrate  on  the  chloro 
derivatives.  A  convenient  method  of  preparing  2-hydrazlno  derivatives  of  benzthlazole,  benzoxazole,  and  benzim¬ 
idazole  Is  the  facile  reaction  between  the  appropriate  2-sulfonlc  acids  and  hydrazine  hydrate  [4-8].  The  reduction 
of  appropriate  dlazo  derivatives  has  been  used  comparatively  rarely  [9-11]. 

However,  the  methods  of  preparing  heterocyclic  hydrazines  enumerated  above  are  not  very  convenient  for 
the  preparation  of  certain  derivatives  of  benzthlazole.  In  particular,  those  of  Its  mono-  and  dlcarboxylic  acids. 

It  Is  known  that,  by  heating  the  amides  of  aromatic  carboxylic  acids  with  hydrazine  hydrate,  the  amino 
group  may  be  replaced  by  a  hydrazlno  group  [12].  An  analogous  reaction  occurs  In  the  Interaction  of  certain 
Imldo  esters  with  phenylhydrazlne  [13], 

One  might  also  surmise  that  2-aminobenzthlazole.  In  which  the  nitrogen  atom  of  the  amino  group  evidently 
has  an  amide  character,  would  also  react  with  hydrazine  hydrate.  In  this  connection,  we  Investigated  the  action 
of  hydrazine  hydrate  on  2-amlnobenzthiazole  and  Its  derivatives. 

It  was  found  that  when  2-amlnobenztblazole  was  heated  with  an  aqueous  solution  of  hydrazine  hydrate  at 
120*,  vigorous  evolution  of  ammonia  occurred.  The  product  which  precipitated  on  cooling  readily  formed  a  silver 
mirror  with  an  ammoniacal  solution  of  silver  nitrate,  and  condensed  with  acetoacetlc  ester  with  the  formation  of 
l-(benzthlazolyl-2*)-3-methylpyrazolone  [7], 

On  the  basis  of  this,  and  also  analysis  data.  It  may  be  accepted  that  elimination  of  the  amino  group  occuned 
In  this  reaction,  and  that  benzthlazolyl-2-hydrazine  (I)  was  formed. 

On  weak  acidification  of  the  solution  after  separation  of  the  benzthlazolyl- 2-hydrazine,  a  yellow  oil  was 
liberated ,  and  this  readily  dissolved  in  hydrochloric  acid  and  In  sodium  hydroxide  solution.  In  air  It  was  rapidly 
converted  Into  a  crystalline  product  with  m.p.  90-91*.  The  substance  formed  was  2,2*-dlamlnodlphenyl  disulfide 
(II),  as  was  demonstrated  by  a  mixed  melting  point.  Thus,  In  the  action  of  hydrazine  hydrate  on  2-amlnobenzthl- 
azole,  there  was  partial  rupture  of  the  benzthlazole  ring  with  the  formation  of  o-amlnothlophenol  (cf.  [14]). 


(II) 
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The  yield  of  2-hydra zlnobenzthi azole  decreased  sharply  when  the  time  of  heating  2-amlnobenzthlazole 
with  hydrazine  hydrate  was  Increased.  At  the  same  time,  the  yield  of  2,2’-dlamlnodlphenyl  disulfide  Increased 
correspondingly  (from  43%  to  71%),  Apparently,  when  2-hydrazlnobenzthlazole  was  heated  with  hydrazine  hydrate, 
rupture  of  the  benzthlazole  ring  also  occurred. 


In  an  attempt  to  achieve  the  same  reaction  with  substituted  2-amlnobenzthlazoles,  It  was  found  that  6-ethoxy- 
and  5,6-dlmethyl-2-amlnobenzthlazoles  did  not  react  with  hydrazine  hydrate  under  analogous  conditions;  after 
many  hours  heating,  they  could  be  recovered  unchanged.  This  phenomenon  was  apparently  connected  both  with 
effect  of  the  substituents  In  the  benzthlazole  nucleus  on  the  character  of  the  amino  group  and  the  low  solubility 
of  these  compounds  In  the  reaction  mixture. 

As  was  found,  2-amlnobenzthlazolecarboxyllc  acids  [15]  behaved  completely  differently  under  analogous 
conditions.  Thus,  when  2-amlnobenzthlazole-6-carboxyllc  acid  was  heated  with  an  aqueous  solution  of  hydrazine 
hydrate  at  120-130*,  Intense  evolution  of  ammonia  was  observed,  which  ceased  after  6-9  hours.  The  substance 
which  precipitated  on  acidification  gave  a  characteristic  reaction  for  a  hydrazino  group  (silver  mirror)  and  reacted 
with  stearoylacetlc  ester  to  form  the  corresponding  pyrazolone  derivative  [16],  These  properties  and  analysis  data 
make  it  possible  to  ascribe  the  structure  of  2-hydrazlnobenzthlazole-6-carboxyllc  acid  (in)  to  the  compound  ob¬ 
tained.  The  yield  was  85%.  , 


Similarly,  from  2-amlnobenzthlazole-5,6-,  5,7-,  and  6,7-dlcarboxyllc  acids  [17],  we  obtained  good  yields 
of  the  corresponding  2-hydrazino  derivatives  (IV-VI). 


- lO 


HNH, 


K,.  U,  =  H,  R,  =  COOH(ni); 
H„  K,=  C()OH,  R,  =  H  (IV); 
R,.  R,  =  COOH,  R,  =  H  (V); 
Rf  Ri  =  COOH.  R,  =  H  (VI). 


The  method  described  above  Is  extremely  convenient  for  synthesizing  2-hydrazlnobenzthiazolemono-  and 
dicarboxylic  acids,  which  are  thus  obtained  In  a  very  pure  state. 

The  2-aminobenzthiazole-5,7-dlcarboxyllc  acid  mentioned  above  was  obtained  by  hydrolysis  of  the  corre¬ 
sponding  dimethyl  ester,  which  was  synthesized  by  oxidizing  3,5-dicarbomethoxyphenyltliiourea  with  bromine 
(cf.  [18,  19]). 

The  authors  would  like  to  thank  I,  I.  Levkoev  for  valuable  advice  given  during  this  work. 


EXPERIMENTAL 

Reaction  of  2-amlnobenzthlazole  with  hydrazine  hydrate.  A  mixture  of  7.5  g  of  2-aminobenzthiazole  and 
60  ml  of  33%  hydrazine  hydrate  solution  was  heated  on  an  oil  bath  (at  120-125*  In  the  oil)  for  10  hours,  when 
vigorous  evolution  of  ammonia  was  observed.  The  precipitate  which  formed  on  cooling  was  collected,  washed 
with  water,  and  dried.  The  weight  was  3,0  g,  and  the  m.p.  180-182*.  The  substance  was  purified  by  two  recrystai- 
lizations  from  ethyl  alcohol.  The  m.p,  was  199-200*  (205*  [1];  194-195*  [7]),  The  product  formed  a  silver  mir¬ 
ror  with  an  ammonlacal  solution  of  silver  nitrate. 

Found  %;  N  25.54.  C7H7N3S. 

Calculated  %:  N  25.46, 

The  filtrate  was  made  weakly  acid  with  hydrochloric  acid.  The  precipitated  oil  was  extracted  with  ether, 
the  ether  removed,  and  the  residue  mixed  with  20  ml  of  15%  sodium  acetate  solution.  A  yellow  precipitate 
formed  rapidly,  and  after  several  hours,  this  was  collected,  washed  with  water,  and  dried.  The  weight  was  2.7  g 
(43,5%),  The  m.p,  was  90-91*  (from  alcohol).  A  mixed  melting  point  with  o,o'-diamlnodlphenyl  disulfide  was 
not  depressed, 

3,5-Dlcarbomethoxyphenylthlourea.  20.9  g  of  dimethyl  5-amlnolsophthalate  was  dissolved  with  heating  In 
60  ml  of  dilute  (1:5)  hydrochloric  acid,  and  to  the  dark  solution  was  added  11.7  g  of  potassium  thiocyanate.  The 
reaction  inlxture  was  heated  for  14  hours  in  an  open  flask  on  an  oil  bath  (at  102-110*  In  the  oil)  and  the  solid 
residue  was  ground  and  heated  for  a  further  10  hours  at  110-115*.  The  product  was  then  stirred  with  100  ml  of 
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water  and  the  precipitate  collected,  ground  with 
70  ml  of  dilute  (1:2)  hydrochloric  acid,  washed  with 
water,  dried,  and  recrystalUzed  from  alcohol.  The 
yield  was  13.4  g  (50%).  The  m.p,  was  178-179*. 

For  analysis,  the  substance  was  recrystallized  three 
times  from  alcohol.  The  colorless  prisms  had  m.p. 
182-183*.  The  product  was  quite  readily  soluble  In 
alcohol,  ether,  and  benzene,  more  difficultly  so  in 
chloroform, and  Insoluble  in  water. 

Found  %:  N  10.45.  CUH12O4N2S. 

Calculated  %  N  10.44. 

Dimethyl  ester  of  2-amlnobenzthlazole-5,7- 
-dlcarboxyllc  acid.  Over  a  period  of  30  minutes, 

28  g  of  sulfuryl  chloride  and  a  solution  of  16  g  of 
bromine  In  30  ml  of  chlorobenzene  were  added  with 
stlning  to  a  suspension  of  53.6  g  of  3,5-dicarbometh- 
oxyphenylthiourea  in  270  ml  dry  chlorobcn- 
zene.The  reaction  mixture  was  stirred  for  10  hours 
at  60-65*,  and  the  precipitate  collected,  washed 
with  benzene,  dried,  and  introduced  into  1  liter  of 
boiling  water.  To  the  hot  solution  was  added  10% 
sodium  carbonate  solution  to  an  alkaline  reaction, 
and  the  precipitate  was  collected,  washed  with  water, 
dried  (weight  40,2  g),  and  recrystallized  from  270  ml 
of  glacial  acetic  acid.  The  yield  was  22.4  g  (42,2%), 
The  product  formed  colorless  crystals.  It  was  soluble 
in  acetone,  in  acetic  acid,  and  alcohol  on  heating, 
and  difficultly  soluble  in  ether  and  benzene.  The 
m.p,  was  above  300*. 

Found  %;  N  10.54.  C11H10O4NJS. 

Calculated  %;  N  10.53. 

2-Aminobenzthiazole-5,7-dicarboxylic  acid. 

A  mixture  of  26,6  g  of  the  dimethyl  ester  of  2- 
-aminobenzthlazole-5,7-dicarboxylic  acid  and  a 
solution  of  34  g  of  potassium  hydroxide  in  1700  ml 
of  water  was  boiled  under  reflux  for  4  hours.  The 
solution  obtained  was  acidified  with  hydrochloric 
acid  and  the  precipitate  collected,  mixed  with 
1000  ml  of  hot  water,  washed  with  hot  water,  and 
dried.  The  yield  was  21.6  g  (90.8%).  The  product 
was  a  colorless,  crystalline  powder.  It  was  almost 
insoluble  in  the  normal  organic  solvents,  but  slightly 
more  so  in  pyridine.  The  m.p.  was  above  300*.  For 
analysis,  the  substance  was  boiled  with  alcohol  and 
reprecipitated  twice  fix)m  sodium  carbonate  solution. 

Found  %:  N  11.81.  Equiv.  118.0.  C9H6O4NJS. 

Calculated  %t  N  11.76.  Equiv.  119.07. 

2-Aminobenzthiazole-6-carboxylic  acid. 

22,2  g  of  the  ethyl  ester  of  2-aminobenzthiazole-6- 
-carboxyllc  acid  with  m.p.  239-240*  [20]  was  boiled 
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for  2  hours  with  500  ml  of  cone,  HCl,  The  cooled  solution  was  diluted  with  water,  made  alkaline  with  sodium 
carbonate,  filtered  free  from  the  slight  precipitate,  made  weakly  acid  with  hydrochloric  acid,  and  mixed  with 
100  ml  of  10*^  sodium  acetate  solution.  The  precipitate  was  collected,  washed  with  water,  and  dried.  The  yield 
was  18.2  g  (94%).  The  colorless  crystals  were  Insoluble  in  the  usual  organic  solvents,  but  dissolved  in  sodium 
carbonate  solution.  The  m,p.  was  above  300*.  For  analysis,  the  substance  was  reprecipitated  from  sodium  carbon¬ 
ate  solution. 

Found  %:  N  14.10.  Equiv.  193.2.  CsHeOjNjS. 

Calculated  %.  N  14,43,  Equiv.  194.0. 

2-Hydrazinobenzthiazolemono-  and  dicarboxylic  acids.  0,1  mole  of  the  2-amlnobenzthlazolemono-  or  di- 
carboxyllc  acid  was  heated  with  an  aqueous  solution  of  hydrazine  hydrate  on  an  oil  bath  (at  120-135*  in  the  oil) 
for  6-9  hours,  when  the  Intense  evolution  of  ammonia  noticeably  slackened  toward  the  end  of  heating.  The  cooled 
reaction  mixture  was  poured  into  hydrochloric  acid  and  the  precipitate  collected,  washed  with  water,  and  dried. 
For  purification,  the  substance  was  reprecipitated  from  sodium  carbonate  solution  with  hydrochloric  acid.  The 
2-hydrazinobenzthlazolemono-  and  dicarboxylic  acids  obtained  had  m.p.  above  300*,  were  practically  insoluble 
in  the  usual  organic  solvents,  and  dissolved  readily  in  sodium  carbonate  solution.  They  reduced  an  ammoniacal 
solution  of  silver  nitrate  even  at  normal  temperature.  The  experimental  conditions  and  analysis  data  are  presented 
in  the  table. 


SUMMARY 

1,  A  study  was  made  of  the  reaction  of  2-amlnobenzthiazole  and  its  derivatives  with  an  aqueous  solution  of 
hydrazine  hydrate  on  heating. 

2,  It  was  shown  that  with  2-aminobenzthiazole,  two  reactions  occurred  at  110-120*,  namely,  replacement 
of  the  amino  group  by  a  hydrazino  group  and  rupture  of  the  thiazole  ring  with  the  formation  of  o-aminothiophenol, 
which  was  readily  oxidized  to  2,2*-dlamlnodiphenyl  disulfide.  Under  these  conditions,  2-amlno- 6-ethoxy-  and 
2-amino-5,6-dlmethylbenzthiazole  did  not  react  with  hydrazine  hydrate. 

3,  It  was  established  that  the  reaction  of  2-amlnobenzthlazole-6-mono-,  5,7-,  5,6-,  and  6,7-dlcarboxyllc 
acids  with  an  aqueous  solution  of  hydrazine  hydrate  with  heating  gave  good  yields  of  the  corresponding  2-hydrazlno- 
benzthiazolecarboxylic  acids. 
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INTRAMOLECULAR  HYDROGEN  BOND  AND  DIPOLE  MOMENTS 

OF  ORGANIC  COMPOUNDS 

IV.  NITRO-  AND  ACETYLACETANIUDES 

A.  E.  Lutskii  and  B.  P.  Kondratenko 
Khar'kov  Polytcchnical  Institute 
Original  article  submitted  March  20,  1958 


As  was  shown  previously  [1],  the  presence  of  an  Intramolecular  hydrogen  bond  leads  to  certain  peculiarities 
In  the  relations  of  the  dipole  moments  of  Isomers  of  dl-  and  monosubstituted  benzenes,  measured  In  benzene  and 
dioxane  as  solvents,  observed  and  calculated  under  conditions  of  free  rotation  of  noninteracting  groups  [2].  These 
peculiarities  are  caused  by  the  presence  of  a  cis  form  In  ortho  Isomers  due  to  an  Intramolecular  hydrogen  bond 
and  the  absence  of  association  with  molecules  of  electron-donor  solvents  due  to  a  hydrogen  bond. 

On  the  basis  of  data  on  the  absorption  spectra  in  the  near- ultraviolet,  the  melting  points  and  other  properties 
of  nitro-  and  acyl-substltuted  acetanilides.  It  was  proposed  [3]  that  in  the  ground  state,  their  ortho  Isomen  con¬ 
tained  an  Intramolecular  hydrogen  bond  of  the  type: 


'  ,N< 


O 


I 


/ 


f\ 


CH, 


It  seemed  Interesting  to  examine  the  dipole  moments  of  Isomeric  acyl-  and  nitroacetanilides  in  order  to 
determine  the  character  of  the  effect  of  this  bond  on  the  characteristics  of  the  dipole  moments.  In  this  connec¬ 
tion,  we  measured  the  dielectric  permeability  and  density  dj^j  at  25*  of  acetanilide,  p-methylacetanlllde, 
and  of  0-,  m-,  and  p-nitro-  and  acetylacetanilides  in  benzene  (apart  from  the  extremely  sparingly  soluble  p- 
-nitroacetanilide)  and  dioxane  as  solvents.  The  acetanilides  studied*  were  synthesized  and  purified  according  to 
literature  directions  [4],  and  the  procedures  for  measurement  and  purification  of  solvents  were  described  in  detail 
in  [5].  The  results  of  measuring  €j  j  and  dj^j  are  given  in  Table  1.,  and  the  calculated  values  of  P*  00  (according 
to  Hedestrand  [6]),  Pg^;^*  and  the  dipole  moments  fi  (in  D)  are  in  Table  2. 

The  value  obtained  for  the  moment  of  acetanilide  in  benzene  was  0.32  D  lower  and,  on  the  other  hand, 
that  in  dioxane  was  somewhat  higher  (by  0.09  D)  than  the  values  presented  in  the  literature  [7,8];  it  was  close  to 
that  of  4-N-acetyldiphenyl  (3.83  D)  [7].  Calculation  of  the  moment  of  acetanilide  with  the  presence  of  a  flat 
trans-form  at  the  NHCO-group  [9]  and  this  coplanar  with  the  benzene  ring,  using  the  angles  from  x-ray  structural 
analysis  of  this  compound  [10],  and  the  moments  of  the  bonds  from  data  in  [9],  led  to  the  value  of  3.57  D,  l.e., 
almost  agreeing  with  the  observed  value  (3.69  D). 

The  dipole  moments  of  nitro-  and  acetylacetanilides  showed  all  the  previously  reported  peculiarities  in  the 
relations  of  the  values  of  the  moments  [1]  characteristic  of  compounds  with  an  intramolecular  hydrogen  bond  in 
the  ortho  isomers.  Thus,  the  moments  of  o-nltro-  and  o- acetylacetanilides  were  anomalously  low  in  comparison 
with  those  of  the  para  isomers.  In  contrast  to  the  latter,  they  were  low  in  comparison  with  the  values  of  the 


*  The  acetylacetanilides  were  synthesized  by  V.  V.  Dorofeev. 
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TABLE  1 


and  Substituted  Acetanilides 


In  benzene 

In  dioxane 

Compound 

Njdn 
mole  *70) 

4i,2 

'1.2 

N,  (B 

MOJI.  ®/o) 

<*1,2 

*1,3 

1  0.0642 

0.87395 

2.2860 

0.0674 

1.02745 

2.2442 

0.1344 

0.87421 

2.2993 

0.1272 

1.02751 

2.2592 

C,H,NHCOCH, 

0.2365 

0.87455 

2.3202 

0.2025 

1.02759 

2.2777 

0.3060 

0.87479 

2.3385 

0.2808 

1.02769 

2.2971 

0.3737 

0.87503 

2.3558 

0.3371 

1.02774 

2.3107 

0- 

0.0564 

0.87405 

2.2766 

0.0370 

1.02756 

2.2302 

0.1131 

0.87441 

2.2796 

0.0806 

1.02777 

2.2341 

0.1764 

0.87485 

2.2827 

0.1382 

1.02805 

2.2395 

0.2691 

0.87545 

2.2874 

0.1860 

1.02829 

2.2443 

0.3320 

0.87592 

2.2903 

0.2168 

1.02845 

2.2465 

m- 

0.0107 

0.87373 

2.2776 

0.0500 

1.02761 

2.2474 

0.0219 

0.87377 

2.2811 

0.0819 

1.02773 

2.2598 

C,H,(NO,)NHCOCH, 

0.0303 

0.87381 

2.2849 

0.1161 

1.02790 

2.27.34 

0.0473 

0.87388 

2.2909 

0.1541 

1.02810 

2.2895 

— 

— 

— 

0.1899 

1.02834 

2.3037 

p- 

— 

— 

— 

0.0161 

1.02750 

2.2216 

— 

— 

— 

0.0269 

1.02757 

2.2.303 

— 

— 

— 

0.0401 

1.02765 

2.2399 

— 

— 

— 

0.0525 

1.02772 

2.2495 

— 

— 

— 

0.0632 

1.02778 

2.2565 

0- 

0.0104 

0.87373 

2.2758 

0.0105 

1.02745 

2.2298 

0.0249 

0.87380 

2.2781 

0.0237 

1.02749 

2.2324 

0.0404 

0.87385 

2.2801 

0.0399 

1.02753 

2.2361 

0  0523 

0.87393 

2.2<S23 

0.0527 

1.02757 

2.238.3 

0.0665 

0.87400 

2.2848 

0.0623 

1.02760 

2.2402 

m- 

0.0191 

0.87379 

2.2780 

0.0305 

1.02747 

2.2359 

0.0333 

0.87385 

2.2815 

0.0584 

1.02753 

2.2419 

C,H4{C0CH,)NHC0CH, 

0.0512 

0.87396 

2.2853 

0.0862 

1.02762 

2.2496 

0.0719 

0.87408 

2.2896 

0.1207 

1.02768 

2.2582 

0.0870 

0.87416 

2.2930 

0.1684 

1.02780 

2.2701 

P- 

0.0192 

0.87375 

2.2787 

0.0272 

1.02749 

2.2.368 

0.0323 

0.87383 

2.2825 

0.0568 

1.02757 

2.2469 

0.0365 

0.87383 

2.2834 

0.0892 

1.02765 

2.2585 

0.0455 

0.87387 

2.2861 

0.1223 

1.02773 

2.2709 

0.0496 

0.87388 

2.2889 

0.1491 

1.02780 

2.2812 

0.0199 

0.87375 

2.2780 

0.0539 

1.02747 

2.2400 

0.0496 

0.87384 

2.2838 

0.0959 

1.02751 

2.2498 

C,H^CH,)NHCOCH, 

0.0818 

0.87393 

2.2906 

0.1374 

1.02756 

2.2597 

0.1228 

0.87405 

2.2991 

0.1637 

1.02758 

2.2657 

0.1557 

0.87414 

2.3055 

0.1907 

1.02761 

2.2722 

Note,  N2  is  the  mole  fraction  of  the  second  component,  €j  j  is  the  dielectric  permeability 
of  the  mixture ,  and  d2^2  is  the  density  of  the  mixture  1 ,2. 

moments  of  the  original  monosubstituted  derivatives.  For  comparison  of  the  values  of  the  moments  obtained  with 
those  calculated  under  conditions  of  free  rotation  of  noninteracting  functional  groups  by  Fuchs'  formula  [2],  it  is 
necessary  to  know  the  angle  of  inclination  of  the  resulting  moment  of  the  N- acetyl  group  to  the  direction  of  the 
Cgj— N  bond.  In  order  to  determine  this  angle,  the  moment  of  p-N-acetylaminotoluene  was  determined;  here,  an 
electron  repelling  (in  the  ring)  effect  has  been  accepted  for  the  N- acetyl  group,  judging  by  the  character  of  the 
directing  action  of  this  group  in  substitution  reactions  in  the  ring  and  the  absorption  spectra  [11],  Table  2  gives 
the  calculated  values  of  the  dipole  moments  of  nitro-  and  acetylacetanilides  under  the  conditions  indicated  and 
using  the  value  obtained  for  the  angle  of  inclination  of  the  resulting  moment  of  the  N-acetyl  group  (100*).  As  was 
also  observed  with  other  compounds  with  an  intramolecular  hydrogen  bond  in  the  ortho  isomers,  the  dipole  moments 
of  o-nltro-  and  o-acetylacetanilides,  in  contrast  to  those  of  the  para  isomers,  were  much  lower  than  the  calculated 
values.  The  slightly  greater-than-normal  reduction  in  moment  in  comparison  with  the  calculated  value  in  the 
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TABLE  2 


Dipole  Moments  of  Acetanilides 


Compound  -  ^e  +  a  - 

benzene  dioxane  ^nzene  dioxane 


I  •  101*,  calc, 
to 


btatlon  of 
he  groups 


C,HiNHCOCH, 

C,H,{CH,)NHCOCH,-p 

(  0- 

•c,H4(coch,)nhcoch,  I  m- 

Ip- 


'CaH,(NO,)NHCOCH, 


115.3  172.1 

577.6  625.0 

—  1091.4 


2.42  +0.66 

5.26  +0.22 

7.09  — 


Note.  P2qq  is  the  polarization  at  infinite  dilution,  Pp  is  the  dipole  moment  in  dioxane, 
and  P  5  is  the  dipole  moment  in  benzene. 

case  of  m-acetylacetanilide  may  be  explained  by  a  certain  hindrance  to  free  rotation  of  the  groups  due  to  the 
possibility  of  predominant  orientation  of  the  hydrogen  of  the  N-acetylamino  group  toward  the  oxygen  of  the  car¬ 
bonyl  group  in  this  isomer,  as  has  also  been  proposed  for  other  meta  isomers,  for  example,  for  certain  substituted 
phenols  [12].  The  noticeable  increase  in  the  observed  dipole  moment  of  para  Isomers  in  comparison  with  the 
calculated  values  indicates  that  both  in  the  activated  and  in  the  basic  states  there  prevails  conjugation  of  the 
p-electrons  of  the  nitrogen  of  the  N-acetylamino  group  with  the  ir -electrons  of  the  ring  of  type  (A)  and  not  con¬ 
jugation  of  these  nitrogen  electrons  with  the  tt -electrons  of  the  carbonyl  group  of  type  (B),  as  proposed  in  [9]. 


C,H,-N-LC‘ 


The  presence  of  an  intramolecular  hydrogen  bond  in  the  ortho  Isomers  considered  also  follows  from  a  com¬ 
parison  of  the  observed  aipole  moments  with  those  calculated  for  configurations  (I)  and  (II).  It  was  found  [5]  that 
for  o-acetylacetanilide  the  observed  moment  almost  coincided  with  that  calculated  for  the  cis-form  (I),  fixed  by 
the  presence  of  an  intramolecular  hydrogen  bond  in  the  molecule.  A  somewhat  higher  moment  for  o-nitroacet- 


I  I 
/\— n/ 


\/  \GII3 

(X  .  1018  =  0.450 
(I) 


O,^  ^0  GH3 

ry-c» 

pL .  1018  5.69D 

(II) 


anilide  than  the  value  for  configuration  (I)  may  be  connected  with  either  a  considerable  effect  of  conjugation  be¬ 
tween  the  groups  or  the  presence  of  some  molecules  with  configuration  (II),  for  example  (91%  cis-  and  9%  trans¬ 
forms), 

•  The  relations  of  the  moments  in  benzene  established  above  were  also  maintained  in  dioxane.  The  slightly 
anomalous  increase  in  the  moment  in  dioxane  compared  with  that  in  benzene,  observed  with  all  the  compounds 
studied,  was  connected  with  an  increase  in  the  conjugation  of  the  nitrogen  p-electrons  with  the  ir -electrons  of 
the  carbonyl  of  the  N-acetylamino  group  in  dioxane  [9]  or,  what  is  more  probable,  with  the  formation,  as  in  the 
case  of  phenols  and  amines  [1],  of  complexes  with  dioxane  molecules  due  to  a  hydrogen  bond  [9],  Then,  the  al¬ 
most  identical  growth  in  the  moment  of  o-nitro-  and  o-acetylacetanilides  may  be  connected  with  either  a  de¬ 
crease  in  the  stability  of  the  intramolecular  hydrogen  bond  in  dioxane  or  its  rupture  in  a  certain  fraction  of  the 
molecules. 
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SUMMARY 


1,  The  values  of  the  dipole  moments  of  acetanilide,  p-methylacetanilide,  and  o-,  m-,  and  p-nitro  and 
acetyiacetanilldes  were  determined  in  benzene  and  dioxane  at  25*. 

2.  On  the  basis  of  the  relations  of  the  dipole  moments  of  isomers  of  di-  and  monosubstituted  benzenes, 
observed  and  calculated  for  various  configurations  and  for  free  rotation  of  noninteracting  functional  groups,  the 
presence  of  an  Intramolecular  hydrogen  bond  in  o-nitro-  and  o- acetyiacetanilldes  was  confirmed. 
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DIPOLE  MOMENTS  OF  N -  NIT ROS OME T H YL A  NIL INE 
AND  ITS  NITRO  DERIVATIVES 


A.  E.  Lutskll  and  B.  P.  Kondratenko 
Khar'kov  Polytechnical  Institute 
Original  article  submitted  March  20,  1958 


A  methylamino  group  possesses  electron  donor  properties  with  respect  to  an  aromatic  ring.  It  seemed  in¬ 
teresting  to  determine  the  character  of  the  interaction  of  the  p-electrons  of  this  group  with  the  ir -electrons  of 
the  ring  when  the  amino  hydrogen  was  replaced  by  a  nltroso  group.  For  this  purpose,  we  determined  the  dipole 
moments  of  N-nitrosomethylanillne  and  its  ortho-,  meta-,  and  para-nitro  derivatives  in  benzene  and  dioxane 
as  solvents.  These  compounds  were  prepared  and  purified  according  to  literature  directions  [1],  The  synthesis 
and  purification  of  the  substances,  and  also  the  procedure  for  determining  the  dielectric  permeability  €j^2  ^nd 
the  density  d^^j  were  described  in  detail  in  [2],  The  measured  values  of  the  dielectric  permeability  and  the  den¬ 
sity  of  solutions  of  the  substances  investigated  in  the  given  solvents  at  25*  are  presented  in  Table  1 ,  and  the  cal¬ 
culated  values  of  Pjoo.  Pg  +  A*  ®nd  the  dipole  moments  M  (in  D),  are  in  Table  2, 

TABLE  1 

dj^j  and  of  Solutions  of  Nitrosomethylanillnes  in  Benzene  and  Dioxane 


In  benzene 

In  dioxane 

Compound 

Nr 

(mole  ^0) 

4i,2 

*1,2 

Nr 

(mole  %) 

<*i,a 

*1.2 

0.0318 

0.87383 

2.2797 

0.0342 

1.02747 

2.2177 

0.0627 

0.87395 

2.2854 

0.0697 

1.02752 

2.2259 

N-Nitrosomethylaniline 

0.0943 

0.87408 

2.2914 

0.1059 

1.02758 

2.2346 

0.1258 

0.87422 

2.2973 

0.1425 

1.02763 

2.2425 

0.1568 

0.87435 

2.3027 

0.1792 

1.02769 

2.2503 

0.0226 

0.87389 

2.2841 

0.0186 

1.02751 

2.2370 

o-Nitro-N-nltro- 

0.0399 

0.87402 

2.2926 

0.0490 

1.02765 

2.2532 

0.0531 

0.87414 

2.2996 

0.0834 

1.02783 

2.2729 

somethylaniline 

0.0665 

0.87426 

2.3056 

0.1113 

1.02797 

2.2876 

0.0840 

0.87442 

2.3142 

0.1436 

1.02813 

2.3046 

0.0228 

0.87383 

2.2784 

0.0436 

1.02754 

2.2362 

m-Nitro-N-nltrosom- 

0.0462 

0.0756 

0.87403 

0.87427 

2.2832 

2.2890 

0.0860 

0.1319 

1.02775 

1.02793 

2.2443 

2.2539 

ethylanlline 

0.0935 

0.87443 

2.2924 

0.1892 

1.02817 

2.2646 

0.1137 

0.87459 

2.2958 

0.2379 

1.02837 

2.2752 

0.0323 

0.87389 

2.2797 

0.0293 

1.02753 

2.2336 

p-Nitro-N-nitro- 

0.0552 

0.87407 

2.2839 

0.0558 

1.02765 

2.2388 

0.0750 

0.87427 

2.2875 

0.0828 

1.02777 

2.2444 

somethylaniline 

0.1020 

0.87447 

2.2921 

0.1115 

1.02790 

2.2504 

0.1234 

0.87468 

2.2963 

0.1488 

1.02806 

2.2582 

Note;  is  the  dielectric  permeability  of  the  mixture,  dj^2  i®  density  of  the  mixture, 
and  N2  is  the  mole  fraction  of  the  second  component. 
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TABLE  2 

Dipole  Moments  of  N-Nitrosomethylaniline  and  its  Nitro  Derivatives  » 


Compound 

1  P 

B  +  A 

(A  • 

10'" 

4,.=,xd-I3 

f 

calculated 
for  free 
rotation 

in 

benzene 

in 

1  dioxane 

in 

benzene 

in 

dioxane 

CsH,N(NO)CH, 

307.9 

354.7 

42.1 

3.58 

3.88 

-f0.30 

f 

743.1 

817.2 

50.0 

5.79 

6.09 

+0.30 

7.24 

C«H,(NO,)N(NO)CH  \  m- 

322.9 

330.7 

50.0 

3.63 

3.68 

+0.05 

4.05 

Ip* 

302.9 

341.6 

50.0 

3.49 

3.76 

+0.27 

2.11 

Note:  PjQj  is  the  polarization  at  infinite  dilution,  Mq  is  the  dipole  moment  in  dioxane, 
and  P3  is  the  dipole  moment  in  benzene. 


The  value  obtained  for  the  moment  of  N-nltrosomethylanlline  almost  coincides  with  the  literature  value 
(3.62  D)  [3],  and  lies  between  those  of  completely  aliphatic  and  completely  aromatic  N-nltroso  compounds: 
actually,  (CHs^jNNO  has  a  dipole  moment  of  3.98  D,  and  (CeHsl^NNO,  3.39  D.  Evidently,  replacement  of  each 
of  the  methyl  groups  by  a  phenyl  produces  a  decrease  in  the  dipole  moment  of  approximately  0.3  D.  The  values 
of  the  moments  of  nitro- N-nitroso me thylanilines  differ  not  only  quantitatively,  but  also  qualitatively  from  those 
of  the  original  nitromethylanillnes.  Thus,  while  for  the  latter  the  moment  changes  in  the  order  p  >  m  >  o,  for 
the  former  the  relation  of  the  dipole  moments  is  the  reverse,  and  in  contrast  to  the  nitromethylanillnes,  the 
moments  of  the  m-  and  p-nitro-N-nitrosomethylanillnes  are  very  similar  to  each  other  in  value.  The  relation 
of  the  dipole  moments  of  isomeric  nitro- N-nitrosomethylanilines  is  similar  to  that  for  nltrophenyl  isocyanates  [4]. 


On  the  basis  of  data  for  the  dipole  moments  of  other  compounds,  the  angle  of  inclination  of  the  resultant 
moment  of  the  N-nitroso methylamino  group  to  the  Car“N  bond  may  be  taken  as  equal  to  148"  [3].  With  this 
angle  of  inclination,  the  values  of  the  dipole  moments  of  the  isomeric  nltro-N-nitrosomethylanillnes  may  be 
explained  satisfactorily  if  it  is  assumed  that  replacement  of  the  hydrogen  on  the  nitrogen  of  the  methylamino 
group  by  a  nitroso  group  does  not  change  its  electron- donor  character  qualitatively.  In  this  case,  the  calculated 
values  of  the  moments  under  conditions  of  free  rotation  of  noninteracting  functional  groups,  using  Fuchs’  method 
[4]  (Table  2),  change  like  the  observed  values  in  the  series  o  >  m  >  p,  and  the  latter  deviate  from  the  calculated 
values  qualitatively  and  quantitatively  like  many  other  compounds  of  a  similar  type.  Thus,  for  p- nitro- N-nitro- 
somethylaniline,  the  high  value  of  Pobs  compared  with  Pcalc  is  connected  with  the  effect  of  conjugation 
of  the  groups,  and  the  low  value  of  Pobs  compared  with  Pcalc  o-nitro-N-nltrosomethylaniline  is  due  to 
sterlc  repulsion  of  the  highly  polar  nitro  and  nitroso  groups.  From  this  point  of  view ,  the  decrease  in  dipole  mo¬ 
ment  in  going  from  aliphatic  to  aromatic  nitrosoamines,  indicated  above,  is  apparently 
caused  not  only  by  a  possible  change  in  the  angle  of  inclination  of  the  resultant  mo¬ 
ment  of  the  group  [3],  but  also  by  the  fact  that  phenyl  groups,  in  contrast  to  alkyls, 
attract  electrons  from  the  nitrogen  of  the  amino  group,  which  promotes  a  decrease  in 
the  moment  of  the  N-nitrosomethylamino  group. 


N- 

t 

CHj 


With  unsubstituted  N-nitrosomethylanlline  and  its  ortho-  and  para-nitro  substituted  derivatives,  an  in¬ 
creased  growth  in  the  dipole  moment  was  observed  in  dioxane,  as  compared  with  that  in  benzene.  Evidently 
an  anomalous  dioxane  effect,  as  was  also  observed  in  the  case  of  nitro- N,N-dimethylanilines  [2],  is  also  possible 
when  the  formation  of  complexes  between  molecules  of  the  components  due  to  a  hydrogen  bond  is  absent.  It  is 
possible  that  for  compounds  with  several  highly  polar  functional  groups  the  anomalous  growth  in  their  moment 
in  dioxane  is  connected  with  polarization  of  molecules  of  the  latter  by  their  suitable  orientation  during  tempor¬ 
ary  accumulations  at  the  polar  groups  of  the  molecules  of  the  dissolved  substance. 


SUMMARY 

1,  The  values  of  the  dipole  moments  of  N-nltroso  me  thy  laniline  and  its  ortho-,  meta-,  and  para-nitro 
substituted  derivatives  in  benzene  and  dioxane  as  solvents  were  determined. 

2,  The  values  of  the  moments  of  nitro-N-nitrosomethylanilines  may  be  explained  satisfactorily,  starting 


2046 


from  the  hypothesis  that.on  replacement  of  the  hydrogen  at  the  nitrogen  of  the  methylamine  group  by  a  nitroso 
group,  the  electron- donor  character  of  the  former  is  retained. 
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The  reactions  of  acetals  with  a, S -unsaturated  ethers  have  been  described  in  a  series  of  works  [1-4].  Re¬ 
cently,  it  was  found  that  acetals  are  capable  of  reacting  with  ethers  containing  conjugated  double  bonds  (alk- 
oxydlenes)  to  form  products  of  1,4- addition  to  the  diene  [4-6],  In  the  present  work,  we  used  this  reaction  for  the 
synthesis  of  some  derivatives  of  terpene  aldehydes. 

It  was  found  that,  in  the  presence  of  zinc  chloride,  the  acetal  of  citral  (l)  reacted  with  l-ethoxy-3- methyl- 
butadiene-1,3  (II)  to  form  the  acetal  of  5-ethoxy-3,7,ll-trlmethyldodecatrien-2,6,10-al-l  (in)  (a  derivative  of 
an  aldehyde  of  the  sesquiterpene  series,  famesal)  and  the  acetal  of  5,9-dlethoxy-3,7,1145-tetramethylhexadec- 
atetraen-2,6,10,14-al-l  (IV)  (a  derl  'ative  of  a  diterpene  aldehyde)  by  the  scheme 


CHg 

CHj.  I  GHs.  zn 

^=CHCH8GH2C==CHCH(OCjH5)2+  >GGH=GH0G2H5  — 
GHj/  GHa^ 

(I)  (ii) 


ZnCU 


GH 

GHj 


GH, 


GH, 


CH; 


’\G=GHGH2GH2i=GHGHGH2(l:=GHGH(OG2H6)2 

I 

OGaHg 


CH,^ 


>CCH=CHOC,Hj 


ZnCI, 


(III) 


GH, 


OH, 


GH, 


GH, 


’’'V,=CHGH2GH2C=GHGHGH2(!:=GHGHGHa(l:=GHGH(OG2H5)., 
GH3/  1 

(IV) 


OG2H6 


OG2H5 


We  used  the  reaction  of  a  3 -unsaturated  ethers  with  acetals  to  synthesize  the  acetal  of  diethoxycitronell 
al  (Vni).  The  acetal  of  3-methylcrotonaldehyde  (VI)  was  condensed  with  isopropenyl  ethyl  ether  (V)  in  the 
presence  of  zinc  chloride,  and  this  yielded  the  ketal  of  4-ethoxy- 6- methylhepten-6-one- 2  (Vn).  The  latter 
was  condensed  with  vinyl  ethyl  ether  to  give  the  acetal  of  3,5-diethoxy-3,7-dimethylocten-6-al-7  (acetal  of 
diethoxycitronellal)  (VIII). 


GH; 


GH. 


^G--=CHGI1(0G2H5)2 


CII,=C(CH,)OC,H,  (V) 


(VI) 


GH, 


GH, 


•3\  CH,=CII0C,1I, 

>G=GHGHGH2G(0G2H6)2  — - 

Gih-  i 

OG2H5 

(VII) 
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GHg 


^\c=CHCHGH*CCH2CH(OC2H6)2 

’  iojHs  AgsHs 

(VIII) 


The  starting  l-ethoxy-3-methylbutadlene-l,3  was  obtained  by  the  method  we  developed  by  the  action  of 
catalytic  amounts  of  p-toluenesulfonic  acid  in  quinoline  on  l,l,3-triethoxy-3-methylbutane  (IX).  This  method 
was  also  suitable  for  the  preparation  of  l-ethoxybuudiene-1.3  from  1.1,3-triethoxybutane.  In  the  preparation 
of  l,l,3-'triethoxy~3’>methylbutane  by  condensation  of  acetone  ketal  with  vinyl  ethyl  ether,  it  was  established 
that  the  addition  products  of  two  and  three  molecules  of  vinyl  ethyl  ether  to  the  ketal,  l.l.S.S'tetraethoxy-'b- 
"inethylhexane  (X)  and  l.l,3,5.7-pentaethoxy'*7-niethyloctane  (XI)  were  formed.  These  compounds  were  also 
obtained  by  condensation  of  (IX)  with  vinyl  ethyl  ether. 


*NGCHjCH(0CaH6),  —  ^^GH,GHCH,CH(OCaHB)a— 

CH3/  I  CH3^  I  \ 

6CaH5  OCjHb  OGjH* 

(IX)  (X) 


In  preparing  the  starting  oc, 6 -unsaturated  ethers,  we  developed  a  convenient  method  of  synthesizing  them 
by  the  action  of  catalytic  amounts  of  p-toluenesulfonic  acid  in  quinoline  on  the  corresponding  acetals  and  ketals. 

EXPERIMENTAL 

1.  l,l,3-Triethoxy-3-methylbutane  (IX)  and  3-ethoxy-3-methylbutanal.  To  67  g  of  acetone  ketal ,  con¬ 
taining  0.1  g  of  BF3  etherate,  at  50*  was  added  18  g  of  vinyl  ethyl  ether,  dropwise,  and  then  the  mixture  was 
kept  at  50*  for  15  minutes.  The  catalyst  was  neutralized  by  stirring  (3  hours)  with  anhydrous  sodium  carbonate. 
Distillation  yielded  42  g  of  the  original  acetone  ketal  and  26  g  of  l,l,3-triethoxy-3-methylbutane  (67.4% on 
the  acetal  which  reacted). 

B.p.  202-204*  at  760  mm,  84-85*  at  12  mm,  d*®4  0.8824,  n”D  1.4164,  MRd  58.18;  calc.  57.93. 

According  to  [7];  b.p.  78*  at  7  mm,  d*®4  0.8813,  n”D  1.4145. 

Together  with  l,l,3-triethoxy-3-methylbutane,  l,l,3,5-tetraethoxy-5-methylhexane,  and  1,1,3,5,7- 
-pentaethoxy-7-methyloctane,  were  formed  and  we  also  obtained  these  compounds  by  condensation  of  1,1,3- 
-ttlethoxy-3-methylbutane  with  vinyl  ether  (see  below). 

Hydrolysis  of  26  g  of  l,l,3-triethoxy-3-methylbutane  with  2% HCl  (50  ml)  in  the  cold  yielded  12.5  g 
(73.5%)  of  3-ethoxy-3-methylbutanol. 

B.p.  147-148*  at  760  mm,  d*“4  0.8980,  n*®D  1.4192,  MRj)  36.63;  calc.  36.18. 

Found  %:  C  64.60,  64.56;  H  10.81,  10.90.  C7H14OJ. 

Calculated  %:  C  64.57;  H  10.83. 

2.  l,l,3,5-Tetraethoxy-5-methylhexane  (X)  and  l,l,3,5,7-pentaethoxy-7-methyloctane  (XI).  To  32  g 
of  1, 1,3- triethoxy- 3 -me thy Ibutane,  containing  0.1  g  of  BFs  etherate,  at  48-50*  was  added  11  g  of  vinyl  ethyl 
ether,  dropwise.  The  reaction  was  carried  out  as  in  the  previous  experiment.  We  obtained  12  g  (28.9%)  of 

1 ,1 ,3 ,5-tettaethoxy-5-  methylhexane. 

B.p.  133-134*  at  13  mm,  d*®4  0.9047,  n*®D  1.4268,  MR^  78.41;  calc.  78.042. 

Found  %;  C  64.89,  65.14;  H  11.70,  11.61.  CibH3j04. 

Calculated  %.  C  65.17;  H  11.67. 


GH 

GH 


’^GH2CHCHjCHGH2GH(OC,H5)8 

Ag2H5^G2H5^G2H6 
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We  also  isolated  7.5  g  (27*70)  of  l,lt3,5,7-pentaethoxy-7-methyloctane, 

B.p.  121-123"  at  2  mm,  d“4  0.9169,  n*®D  1.433o!  MHp  98.79;  calc.  98.16. 

Found  C  65.20,  65.20;  H  11.50,  11.41.  CBH40O6. 

Calculated  %  C  65.47;  H  11.56. 

3.  l-Ethoxy-3-methylbutadlene-l,3  (n).  31  g  of  l,l,3-trlethoxy-3-methylbutane  was  added  dropwlse  to 
a  solution  of  0.1  g  of  p-toluenesulfonic  acid  in  2  ml  of  quinoline,  heated  to  220-240*  in  a  distillation  flask.  The 
decomposition  product,  which  distilled  at  a  temperature  of  no  higher  than  135",  was  collected  over  4%  sodium 
carbonate  solution,  washed  with  water,  and  dried  with  potassium  carbonate.  We  obtained  9.5  g  of  l-ethoxy-3- 
-methylbutadlene-1,3  (53.4%). 

B.p.  135-137"  at  760  mm,  78-79"  at  116  mm,  d“4  0.8338,  n*°D  1.4636,  MRd  37.04;  calc.  35.24. 

Similarly,  from  32  g  of  1,1,3-triethoxybutane,  we  obtained  11  g  (66%)  of  l-ethoxybutadiene-1,3  with  b.p. 
112-115",  n*®D  1.4602. 

The  conversion  of  l,l,3-triethoxy-3-methylbutane  into  ethoxyisoprene  (b.p.  75-77*  at  90  mm)  was  re¬ 
cently  achieved  with  MgHP04  at  350"  [7]. 

4.  Citral  acetal  (I).  30  g  of  citral  was  dissolved  in  95  g  of  orthoformlc  ester  and  60  g  of  anhydrous  alco¬ 
hol.  To  the  solution  was  added  0.5  ml  of  a  saturated  alcohol  solution  of  hydrogen  chloride  with  cooling,  and 
the  mixture  allowed  to  stand  for  5  days;  when  the  catalyst  had  been  neutralized  by  stining  with  100  ml  of  5% 
sodium  carbonate  solution,  100  ml  of  ether  was  added,  and  the  ether  solution  washed  three  times  with  5%  sodium 
carbonate  solution  and  water,  and  dried  over  sodium  sulfate. 

Distillation  yielded  38  g  (84.4%)  of  citral  acetal. 

B.p.  84-85*  at  2.5  mm,  d*®4  0.8732,  n*®D  1.4508,  MRj)  69.77;  calc.  69.20. 

Found  %:  €  74.50  ,  74.23;  H  11.57,  11.65.  Ci4H26Q2. 

Calculated  %.  €  74.28;  H  11.58. 

5.  Reaction  of  citral  acetal  with  ethoxyisoprene.  At  a  temperature  of  20-23",  12  g  of  ethoxyisoprene  was 
added  to  59  g  of  citral  acetal  containing  2  ml  of  a  10%  solution  of  ZnClt  in  acetic  acid.  After  the  addition, 
the  mixture  was  stirred  for  10  minutes,  and  then  the  catalyst  was  neutralized  by  washing  with  4%  sodium  hydrox¬ 
ide  solution,  100  ml  of  ether  added,  the  ether  solution  washed  with  4%  sodium  hydroxide  solution  and  water,  and 
dried  with  potassium  carbonate.  Fractionation  in  vacuum  yielded  unreacted  original  citral  acetal  (38  g)  and 
two  substances:  a)  the  acetal  of  5-ethoxy-3,7,ll-trlmethyldodecatrien-2,6,10-al-l  (ethoxyfamesal  acetal)  (Hi) 
in  a  yield  of  16  g  (47.3%). 

B.p.  139-140*  at  2  mm,  d*®4  0.9019,  n*®D  1.4667,  MRd  104.08;  calc.  107.71. 

Found  %.  C  74.59,  74.70;  H  11.32,  11.39.  CjiHjgO,. 

Calculated  %  C  74.50;  H  11.32. 

b)  The  acetal  of  5,9-diethoxy-3,7-ll,15-tetramethylhexadecatetraen-2,6,10,14-al-l  (IV)  in  a  yield  of 
4  g  (17.8%). 

B.p.  179-181*  at  2  mm,  d*®4  0.9147,  n*®D  1.4780. 

Found  %;  C  74.47,  74.56;  H  11.23,  11.11.  C28H50O4. 

Calculated  %:  C  74.62;  H  11.18. 

7.  Condensation  of  3-methylcrotonaldehyde  acetal  (VI)  with  isopropenyl  ethyl  ether.  At  a  temperature 
of  40",  9  g  of  isopropenyl  ethyl  ether  was  added  dropwise  to  17  g  of  3-methylcrotonaldehyde  acetal  containing 
1  ml  of  a  5%  ether  solution  of  ZnCl2.  The  mixture  was  kept  at  40*  for  1  hour,  cooled,  diluted  with  ether,  washed 
with  2%  sodium  hydroxide  solution,  and  dried  over  potassium  carbonate.  We  obtained  14.5  g  (60%)  of  4-ethoxy- 
-6-methylhepten-5-one-2  ketal  (VIl). 
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B.p.  83-84*  at  3  mm,  d*®4  0.8893,  n*®D  1.4355,  MR^  71.31;  calc.  71.77. 

Found  %  C  68.60,  68.70;  H  11.59,  11.64.  Ci4HttQ8. 

Calculated  %  C  68.81;  H  11.55. 

8.  Condensation  of  4-ethoxy-6-methylhepten-5-one“2  ketal  with  vinyl  ethyl  ether.  To  35  g  of  4-ethoxy- 
-6-methylhepten-5-one-2  diethylketal,  containing  0.03  g  of  BF3  etherate,  at  40-50*,  was  added  4  g  of  vinyl 
ethyl  ether.  The  mixture  was  stirred  for  15  minutes  and  then  treated  as  in  the  previous  experiment.  We  obtained 
2  g  of  3,5-dlethoxy-3,7-dimethylocten-6-al-l  acetal  (diethoxycitronellal  acetal)  (VUI). 

B.p.  124-127“  at  2  mm,  n*®D  1.4530. 

Found  %  C  68.97,  69.01;  H  10.90,  10.83.  Ci,H„04. 

Calculated  %;  C  68.30;  H  11.46. 

9.  Preparation  of  isopropenyl  ethyl  and  propenyl  ethyl  ethers.  120  g  of  diethyl  ketal,  0.1  g  of  p-tolaene- 
sulfonic  acid ,  and  4  ml  of  quinoline  were  heated  on  a  rectification  column;  a  mixture  of  isopropenyl  ethyl  ether 
and  alcohol  distilled  at  a  vapor  temperature  of  55-70*.  Washing  with  2%  sodium  carbonate  solution,  and  drying 
with  potassium  carbonate  gave  70  g  (89%)  of  isopropenyl  ethyl  ether  with  b.p.  61-62*,  n*®D  1.3941.  When  the 
diethyl  acetal  of  propanal  was  cleaved  under  the  same  conditions,  propenyl  ethyl  ether  was  obtained  in  80%  yield. 

SUMMARY 

1.  Citral  acetal  reacted  with  1  -  ethoxy- 3 -methylbutadiene- 1,3  with  the  formation  of  higher  terpene 
derivatives. 

2.  Successive  condensations  of  3-methylcrotonaldehyde  acetal  with  isopropenyl  ethyl  and  vinyl  ethyl 
ethers  yielded  ethoxycitronellal  acetal. 

3.  The  action  of  catalytic  amounts  of  p-toluenesulfonic  acid  in  quinoline  on  various  alkoxyalkanes  led 
to  elimination  of  the  elements  of  alcohol  with  the  formation  of  unsaturated  ethers. 

LITERATURE  CITED 

[1]  R.  Hoaglln  and  D.  Hirsch,  J.  Am.  Chem.  Soc.  10,  3468  (1939). 

[2]  O.  Isler,  H.  Lindlar  et  al.,  Helv.  Chlm.  Acta  39,  249  (1956). 

[3]  B.  M.  Mikhailov  and  L.  S.  Povarov,  Bull.  Acad.  Scl.  USSR,  Div.  Chem.  Sci.  1957,  1239.* 

[4]  B.  M.  Mikhailov,  P.  S.  Povarov  and  G.  S.  Ter- Sarkisyan,  Trans.  2nd  Conference  on  the  Synthesis, 
Production,  and  Use  of  Scintillators  [in  RusslanJ^November  27-30,  1957  (Khar'kov). 

[5]  B.  M.  Mikhailov  and  G.  S.  Ter- Sarkisyan,  J.  Gen.  Chem.  29,  1642  (1959).* 

[6]  I.  N.  Nazarov  and  Zh.  A.  Krasnaya,  Proc.  Acad.  Scl.  USSR  118,  716  (1958).* 

[7]  I.  N.  Nazarov,  S.  M.  Makin  and  B.  K.  Krupnov,  Proc.  Acad.  Scl.  USSR  117,  823  (1958).* 


“Original  Russian  pagination.  See  C.B.  translation. 


2051 


DIRECT  AMIDATION  OF  CARBOXYLIC  ACIDS 

I.  N.  Zhmurova,  I.  Yu,  Voitsekhovskaya  and  A.  V.  Kirsanov 
Institute  of  Organic  Chemistry,  Academy  of  Sciences,  UkrSSR 
Original  article  submitted  May  6,  1958 


At  the  present  time,  two  methods  are  known  for  the  direct  amidation  of  carboxylic  acids,  and  these  are 
heating  carboxylic  acids  under  drastic  conditions  (180-220*)  with  amides  of  carboxylic  acids,  amides  of  sulfonic 
acids  [1],  or  amides  of  phosphoric  acid  [2]  and  the  interaction  of  carboxylic  acids  with  sulfamide  and  substituted 
sulfamides  [3]  in  pyridine  solution,  which  proceeds  with  high  yields  under  mild  conditions  (100-110*),  Amides  of 
sulfonic  acids  do  not  amidate  carboxylic  acids  in  pyridine  solution,  even  at  150*,  In  the  absence  of  pyridine, 
sulfamide  amidates  carboxylic  acids  with  very  low  yields.  The  mechanism  of  the  amidation  of  carboxylic  acids 
by  amides  of  sulfonic  acids  at  180-220*  has  not  been  elucidated,  but  the  mechanism  of  amidation  of  carboxylic 
acids  by  sulfamide  has  been  established  quite  strictly  [3],  In  any  case,  there  is  no  doubt  that  the  mechanisms  of 
these  two  reactions  are  quite  different. 

In  this  work,  an  attempt  was  made  to  extend  the  application  of  the  direct  amidation  of  carboxylic  acids 
by  the  second  method,  i,e,,  under  mild  conditions  in  pyridine  solution,  and  the  problem  of  amidation  under  drastic 
conditions  was  not  considered. 

The  trianilide  of  phosphoric  acid  phenylamidates  carboxylic  acids  with  the  same  ease  as  diphenylsulf- 
amide,  and  probably  by  the  same  mechanism  [4],  but  many  amides  of  phosphoric  acid,  very  similar  in  structure 
to  phosphoric  acid  trlanilide,  for  some  reason  do  not  amidate  carboxylic  acids  at  all.  It  is  particularly  strange 
that  certain  homologs  and  analogs  of  the  trianilide  of  phosphoric  acid,  for  example,  the  tri-p-toluidide  of  phos¬ 
phoric  acid,  triaminophosphazosulfonophenyl,  trianilinophosphazosulfonophenyl,  etc,  [4],  do  not  react  with  car¬ 
boxylic  acids  on  heating  in  pyridine  solution. 

It  seemed  interesting  to  determine  whether  amides  of  monobasic  phosphoric  acids  would  show  amidating 
properties  in  pyridine  solution ,  or  whether  amidation  under  mild  conditions  required  the  presence  in  the  molecule 
of  two  amide  groups,  in  which  there  must  be  at  least  one  "free"  hydrogen  atom  attached  to  the  nitrogen  atom  of 
the  amide  group  [3],  As  subjects  for  the  experiments,  we  chose  amides  of  the  type  (ROj^PONHj  and  Ar2PONH2  and 
their  N-substituted  derivatives. 

The  experiments  showed  that  amides  of  diethyl,  dlisopropyl  and  diphenyl  phosphates  and  the  amide  of  di¬ 
phenyl  thiophosphate  did  not  amidate  carboxylic  acids  on  boiling  in  pyridine  solution.  Since  these  experiments 
gave  negative  results,  they  are  not  described  in  the  experimental  part. 

Carboxylic  acids  were  not  amidated  either  by  the  amide,  dimethylamide  and  anilide  of  diphenylthiophos- 
phinic  acid  and  the  anilide  of  diphenylphosphinic  acid,  but  were  amidated  by  the  amide  and  dimethylamide  of 
diphenylphosphinic  acid,  Amidation  by  the  amide  of  diphenylphosphinic  acid  proceeded  particularly  smoothly 
by  the  scheme 

RCOOIl +(C,inr,)2l’ONn2  HG0NH2-l-(C6ll5)2P0011. 

The  reaction  was  complete  in  4-5  hours,  when  equimolecular  amounts  of  acid  and  amide  were  boiled  in 
pyridine  or  dioxane,  i.e,,  it  proceeded  considerably  more  slowly  than  amidation  by  amides  of  sulfuric  acid  [3], 
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The  reaction  mechanism  undoubtedly  differed  from  that  for  the  amidation  of  carboxylic  acids  by  sulf- 
amldes  since  the  amidatlng  molecules  had  only  one  amldo  group;  in  addition,  the  dimethylamide  of  diphenyl- 
phosphinic  acid  lacks  a  "free*  hydrogen  at  the  nitrogen,  and  this  excludes  the  possibility  of  the  intermediate  form¬ 
ation  of  N-acyl  derivatives  of  the  amidatlng  molecule,  whose  formation  was  quite  strictly  demonstrated  in  the 
case  of  amidation  by  sulfamides  [3],  It  is  more  probable  than  the  anion  of  the  carboxylic  acid  was  added  to  the 
phosphorus  atom,  analogous  to  the  addition  of  a  hydroxyl  during  hydrolysis,  i.e,,  according  to  the  scheme: 

o- 

(Cells)^*— oV  RGOO-  — »>  (ClollOaf’— G(’,0R  RCON(Cn:,)2  +  (Ce  115)2^00- 

I  I 

N(Cll3)2  N(CH3)2 

This  hypothesis  was  confirmed  by  the  fact  that  the  amidatlng  capacity  of  amides  of  diphenylphosphinic 
and  diphenylthiophosphinlc  acids  corresponded  to  the  ease  of  their  hydrolysis,  i.e.,  the  capacity  for  adding  a  hy¬ 
droxyl. 

The  amide  of  diphenylphosphinic  acid  was  hydrolyzed  remarkably  easily  (see  below)  and  amidated  car¬ 
boxylic  acids  smoothly.  The  dimethylamide  of  diphenylphosphinic  acid  was  hydrolyzed  with  considerably  more 
difficulty  (see  below),  and  its  amidatlng  properties  were  weakly  expressed:  benzoic,  p-chlorobenzoic ,  and  m- 
-nitrobenzoic  acids  were  not  amidated  at  all,  the  dimethylamide  of  p-nitrobenzoic  acid  was  obtained  in  a  yield 
of  about  60%,  and  only  3 ,5-dinitrobenzolc  acid  gave  a  dimethylamide  in  96%  yield.  Thus,  the  presence  of  electro¬ 
negative  groups  in  the  ring  undoubtedly  facilitates  the  amidation  of  aromatic  carboxylic  acids,  as  is  also  observed 
in  amidation  by  sulfamides  [3];  this  is  also  observed  for  the  unsubstituted  amide  of  diphenylphosphinic  acid, which 
amidated  benzoic  acid  in  31%  yield  and  benzoic  acids  with  electronegative  substituents  in  60-85%  yields. 

The  amides  of  diphenylphosphinic  and  diphenylthiophosphinlc  acids  listed  above,  which  did  not  amidate 
carboxylic  acids,  were  hydrolyzed  by  water  with  very  great  difficulty  (see  below),  but  hardly  with  any  more  diffi¬ 
culty  than  the  symmetrical  dlphenylsulfarnide ,  which  amidated  carboxylic  acids  very  readily  and  almost  quanti¬ 
tatively  [3].  Thus,  one  can  only  consider  the  parallelism  between  amidatlng  capacity  and  hydrolyzability  for 
amides  of  monotypic  acids  and  not  for  amides  derived  from  acids  of  various  types,  since  the  reaction  mechanisms 
are  undoubtedly  different  in  this  case.  It  is  even  possible  that  the  mechanisms  of  amidation  by  the  amide  and  the 
dimethylamide  of  diphenylphosphinic  acid  are  not  completely  identical,  since  the  former  amidates  in  pyridine 
solution  with  considerably  better  yields  than  in  dioxane,  and  the  latter,  the  reverse  (see  Experimental).  Sulfamide 
amidates  p-nitrobenzoic  acid  in  pyridine  solution  in  almost  quantitative  yield  [3],  and  in  dioxane  in  only  36% 
yield,  with  the  amide  obtained  in  a  very  Impure  state. 

The  amides,  dlmethylamides,  and  anilides  of  diphenylphosphinic  and  diphenylthiophosphinlc  acids,  with 
the  exception  of  the  anilide  of  diphenylphosphinic  acid  [5],  have  not  been  described  in  the  literature ,  and  we  were 
therefore,  forced  to  synthesize  them.  They  were  all  obtained  by  the  action  of  ammonia  or  the  appropriate  amine 
on  the  acid  chlorides  of  diphenylphosphinic  and  diphenylthiophosphinlc  acids. 

The  acid  chloride  of  diphenylphosphinic  acid  was  very  readily  hydrolyzed  by  water  and  atmospheric  mois¬ 
ture  to  diphenylphosphinic  acid.  Therefore,  during  the  action  of  an  aqueous  solution  of  ammonia,  the  acid  chlo¬ 
ride  was  partially  hydrolyzed  and  the  reaction  gave  a  mixture  of  the  arhide  of  diphenylphosphinic  acid  and  the 
ammonium  salt  of  diphenylphosphinic  acid.  The  yield  of  amide  was  60%,  and  the  yield  of  phosphinic  acid,  30%. 
Diphenylphosphinic  acid  may  be  reconverted  readily  into  the  acid  chloride  by  the  action  of  phosphorus  pentachlo- 
ride.  The  .eaction  of  the  acid  chloride  with  dry  gaseous  ammonia  was  accompanied  by  the  formation  of  tarry  side 
products,  which  were  very  difficult  to  remove.  Here,  the  yield  of  amide  also  did  not  exceed  60%,  and  the  quality 
of  the  product  was  much  worse  than  in  the  reaction  with  aqueous  ammonia.  The  dimethylamide  of  diphenylphos¬ 
phinic  acid  could  not  be  obtained  by  the  action  of  an  aqueous  solution  of  dlmethylamine  on  the  acid  chloride  of 
diphenylphosphinic  acid.  The  dimethylamide  could  be  obtained  in  90%  yield  with  anhydrous  dlmethylamine  in 
benzene  solution.  The  acid  chloride  of  diphenylthiophosphinlc  acid  was  much  more  stable  to  the  action  of  water 
and  atmospheric  moisture  than  the  acid  chloride  of  diphenylphosphinic  acid.  Therefore,  the  amide  and  dimethyl¬ 
amide  of  diphenylthiophosphinlc  acid  were  obtained  in  very  good  yields  by  the  action  of  aqueous  solutions  of  am¬ 
monia  and  dlmethylamine  on  the  acid  chloride.  The  anilides  of  diphenylphosphinic  and  diphenylthiophosphinlc 
acids  were  obtained  by  the  action  of  aniline  on  the  acid  chloride  in  benzene  solution. 
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The  Amides  of  Diphenylphosphinic  and  Dlphenylthiophosphinic  Acids 
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The  amides  of  diphenylphosphinic  and  di- 
phenylthiophosphinic  acids  were  colorless  crystal¬ 
line  substances.  The  yields,  melting  points, 
solubilities,  and  analytical  data  for  the  amides 
are  presented  in  the  table. 

The  amide  of  diphenylphosphinic  acid  was 
very  readily  hydrolyzed  by  hot  water  and  con¬ 
verted  into  the  ammonium  salt  of  diphenyiphos- 
phinic  acid.  Hydrolysis  was  complete  when  the 
amide  was  boiled  with  water  for  2-3  minutes. 

The  dimethylamide  of  diphenylphosphinic  acid 
was  hydrolyzed  more  slowly  by  boiling  water. 
Under  the  action  of  dilute  hydrochloric  acid  .the 
hydrolysis  occurred  at  room  temperature  in  1-2 
hours.  When  heated  with  dilute  hydrochloric 
acid ,  the  dimethylamide  of  diphenylphosphinic 
acid  was  hydrolyzed  completely  in  2-3  minutes. 
The  anilide  of  diphenylphosphinic  acid  and  the 
amide,  dimethylamide,  and  anilide  of  diphenyl- 
thlophosphlnic  acid  were  not  hydrolyzed  by  pro¬ 
longed  boiling  with  water. 

EXPERIMENTAL 

Amide  of  diphenylphosphinic  acid.  0,36 
mole  of  diphenylphosphinyl  chloride  [6]  was 
added  gradually  with  stirring  and  external  cool¬ 
ing  to  300  ml  of  a  20%  aqueous  solution  of  am¬ 
monia,  at  such  a  rate  that  the  temperature  of 
the  reaction  mixture  kept  within  the  limits  of 
20-30*.  The  precipitate  of  the  amide  of  diphenyl¬ 
phosphinic  acid  formed  was  collected  and  dried 
in  air.  Acidification  of  the  filtrate  precipitated 
diphenylphosphinic  acid;  the  yield  was  30%  and 
the  m,p.  190-192*,  which  agrees  with  literature 
data  [6]. 

Dimethylamide  of  diphenylphosphinic  acid. 
A  solution  of  0.15  mole  of  diphenylphosphinyl 
chloride  in  30  ml  of  dry  benzene  was  gradually 
added  with  ice-water  cooling  and  stirring  to  a 
solution  of  0,35  mole  of  dimethylamine  in  100  ml 
of  dry  benzene.  The  precipitate  of  dimethyl- 
amine  hydrochloride  was  removed  and  washed  2 
to  3  times  with  dry  benzene.  The  filtrate  was 
evaporated  to  dryness  in  vacuum  on  a  water  bath 
to  leave  the  dimethylamide  of  diphenylphosphinic 
acid. 

Anilide  of  diphenylphosphinic  acid.  To  a 
solution  of  0,02  mole  of  diphenylphosphinyl  chlo¬ 
ride  in  10  ml  of  dry  benzene  was  gradually  added 
a  solution  of  0.04  mole  of  aniline  in  10  ml  of  dry 
benzene,  with  stirring.  The  mixture  was  boiled 
on  a  water  bath  for  1  hour.  The  precipitate, 
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consisting  of  a  mixture  of  aniline  hydrochloride  and  the  anilide  of  diphenylphosphinic  acid,  was  collected,  washed 
with  benzene  and  water  (to  remove  aniline  hydrochloride),  and  dried  in  air. 

Amide  of  diphenylthlophosphinic  acid,  0.1  mole  of  diphenylthiophosphlnyl  chloride  [6]  was  added  gradu¬ 
ally  with  stirring  to  100  ml  of  a  20*70  aqueous  solution  of  ammonia.  Stirring  was  continued  until  the  acid  chloride 
had  been  completely  converted  into  the  crystalline  amide ,  which  required  about  half  an  hour.  The  precipitate 
was  collected  and  dried  in  air. 

The  dimethylamide  of  diphenylthlophosphinic  acid  was  obtained  by  the  action  of  a  33*7o  aqueous  solution 
of  dimethylamine  on  diphenylthiophosphlnyl  chloride,  similarly  to  the  previous  experiment. 

Anilide  of  diphenylthlophosphinic  acid.  A  mixture  of  0.01  mole  of  diphenylthiophosphlnyl  chloride,  0,02 
mole  of  aniline,  and  10  ml  of  benzene  was  boiled  under  reflux  for  6  hours.  The  benzene  was  removed,  the  residue 
treated  with  water,  and  the  insoluble  precipitate  collected,  washed  with  alcohol,  and  dried  in  air. 

Amidation  of  carboxylic  acids  with  the  amide  of  diphenylphosphinic  acid,  A  mixture  of  0.01  mole  of  the 
amide  of  diphenylphosphinic  acid,  0.01  mole  of  carboxylic  acid,  and  5  ml  of  pyridine  was  boiled  under  reflux  for 
4  hours.  The  pyridine  was  removed  in  vacuum,  and  the  residue  treated  with  20  ml  of  a  10*^0  aqueous  solution  of 
ammonia;  the  diphenylphosphinic  acid  formed  as  a  result  of  the  reaction,  and  the  unreacted  carboxylic  acid  dis¬ 
solved,  The  amide  of  the  carboxylic  acid  was  collected,  washed,  and,  if  necessary,  recrystallized.  The  crude 
amides  were  usually  quite  pure,  and  melted  2-3*  below  the  recrystallized  samples.  Acidification  of  the  filtrate 
precipitated  diphenylphosphinic  acid,  contaminated  with  the  unreacted  carboxylic  acid.  After  recrystalllzatlon 
from  alcohol,  the  diphenylphosphinic  acid  melted  at  190-192*  [6]  and  did  not  depress  the  melting  point  of  authen¬ 
tic  diphenylphosphinic  acid.  In  this  way,  the  following  amides  of  carboxylic  acids  were  obtained:  benzamlde 
(yield  31%,  m,p.  130*  [7]);  p-nitrobenzamlde  (yield  87%,  m.p.  198-200*  [8]);  o-nitrobenzamide  (yield  72%,  m.p. 
175-176*  [9]);  m-nltrobenzamlde  (yield  66%,  m.p.  140-141*  [8]);  3,5-dinltrobenzamlde  (yield  84%,  m.p.  182  to 
183*  [10]),  and  p-chlorobenzamide  (yield  65%,  m.p.  177-178*  [8]). 

In  dioxane  solution  under  the  same  conditions,  the  amidation  of  p-nitrobenzolc  acid  proceeded  with  72% 

yield, 

Amidation  of  carboxylic  acids  with  dimethylamide  of  diphenylphosphinic  acid.  A  mixture  of  0.012  mole 
of  the  dimethylamide  of  diphenylphosphinic  acid,  0.1  mole  of  carboxylic  acid,  and  5  ml  of  dioxane  was  boiled 
under  reflux  for  5  hours.  The  dioxane  was  removed  in  vacuum,  and  to  the  residue  was  added  10  ml  of  water  and 
a  few  drops  of  hydrochloric  acid;  the  unreacted  dimethylamide  of  diphenylphosphinic  acid  was  thus  converted  in¬ 
to  diphenylphosphinic  acid.  Then  a  10%  aqueous  solution  of  ammonia  was  added  to  the  reaction  mixture  to  an 
alkaline  reaction;  at  this,  the  diphenylphosphinic  acid  and  the  unreacted  carboxylic  acid  dissolved.  The  Insoluble 
dimethylamide  of  the  carboxylic  acid  was  collected,  washed,  and  recrystallized.  In  this  way,  we  obtained  the  di¬ 
methylamide  of  p-nitrobenzoic  acid  (yield  60%,  m.p.  97-98*  [11]),  and  the  dimethylamide  of  3,5-dinitrobenzoic 
acid  (yield  96%,  m.p.  139-141*);  the  needles  from  alcohol  were  insoluble  in  ether  and  ligroine ,soluble  in  boiling 
water,  alcohol,  benzene,  and  carbon  tetrachloride,  and  readily  soluble  in  cold  acetone. 

Found  %:  N  17.35,  17.20.  C9H9O5N3. 

Calculated  %:  N  17.57, 

In  pyridine  solution  under  the  same  conditions,  the  amidation  of  p-nitrobenzolc  acid  proceeded  with  41% 

yield. 

SUMMARY 

1,  The  amide  and  dimethylamide  of  diphenylphosphinic  acid  amidated  carboxylic  acids  on  heating  in 
pyridine  or  dioxane,  and  were  hydrolyzed  very  readily.  The  amide,  dimethylamide,  and  phenylamlde  of  diphenyl¬ 
thlophosphinic  acid,  and  the  phenylamlde  of  diphenylphosphinic  acid  did  not  amidate  carboxylic  acids  under  the 
same  conditions,  and  were  hydrolyzed  with  difficulty, 

2,  The  mechanism  of  the  amidation  of  carboxylic  acids  by  the  amide  and  dimethylamide  of  diphenyl¬ 
phosphinic  acid  differed  from  that  of  the  amidation  of  carboxylic  acids  by  amides  of  sulfuric  acid, 

3,  Some  amides  of  diphenylphosphinic  and  diphenylthlophosphinic  acids  were  prepared. 
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SYNTHESIS  OF  ORGANOPHOSPHORUS  COMPOUNDS 
FROM  HYDROCARBONS  AND  THEIR  DERIVATIVES 
XI.  OXIDATIVE  CHLOROPHOSPHINATION  OF  NITRILES 

R.  I.  Bystrova,  Yu,  M.  Zlnov’ev  and  L,  Z,  Soborovskii 
Original  article  submitted  March  3, 1958 


As  a  result  of  the  oxidative  chlorophosphination  of  hydrocarbons  or  their  derivatives,  a  C— P  bond  is  pro¬ 
duced  and  acid  chlorides  of  the  corresponding  alkanephosphinic  acids  are  formed.  The  reaction  was  achieved 
with  halogen- substituted  paraffinic  hydrocarbons  and  haloolefins.  The  oxidative  chlorophosphination  of  alkoxy- 
substituted  hydrocarbons,  i.e.,  ethers,  is  also  possible  [1,2]. 

In  the  present  work,  we  studied  the  reaction  of  phosphorus  trichloride  and  oxygen  with  cyano- substituted 
paraffins  (nitriles  of  carboxylic  acids).  During  the  process  of  the  work,  it  was  also  found  that  the  reported  [3]  in¬ 
hibition  by  acetonitrile  of  oxidative  chlorophosphination  of  hydrocarbons  and  the  oxidation  of  phosphorus  trichlo¬ 
ride  was  explained  by  the  presence  of  high-boiling  impurities  in  the  commercial  reagent,  whose  nature  was  not 
established.  It  was  found  that  pure,  freshly  distilled  acetonitrile  did  not  inhibit  either  the  oxidative  chlorophos¬ 
phination  of  hydrocarbons  or  the  oxidation  of  phosphorus  trichloride  into  phosphorus  oxychloride.  The  introduction 
of  a  very  small  amount  of  residue  from  distillation  of  the  acetonitrile  into  the  phosphorus  trichloride  led  to  practic¬ 
ally  complete  inhibition  of  both  of  the  reactions  mentioned. 

Together  with  this,  we  noted  that,  under  the  conditions  which  were  used  for  oxidative  chlorophosphination, the 
acetonitrile  reacted  with  phosphorus  trichloride  and  oxygen.  The  high-boiling  (about  70*  at  3  mm)  substance  thus 
formed  had  the  character  of  an  acid  chloride.  However,  we  were  unable  to  isolate  this  compound  in  a  pure  form 
since  on  distillation  it  decomposed  into  phosphorus  oxychloride  and  acetonitrile. 

We  attempted  to  convert  the  acid  chloride  obtained  into  the  ethyl  ester  of  the  corresponding  acid  by  reac¬ 
tion  with  alcohol.  However,  the  reaction  products  yielded  only  triethyl  phosphate  and  ammonium  chloride.  The 
formation  of  the  latter  was  apparently  due  to  a  secondary  reaction  of  acetonitrile  with  hydrogen  chloride,  formed 
by  interaction  of  the  acid  chloride  with  alcohol. 

More  precise  results  were  obtained  in  the  reaction  of  phosphorus  trichloride  and  oxygen  with  propionitrile. 
The  compound  Isolated  distilled  without  noticeable  decomposition  (80*  at  3  mm).  It  had  the  character  of  an  acid 
chloride  and  contained  considerably  more  chlorine  than  that  calculated  for  the  acid  chloride  of  cyanoethanephos- 
phinic  acid,  C2H^CN)P(0)Cl2,  whose  formation  might  have  been  expected  in  this  case,  had  the  oxidative  chloro¬ 
phosphination  of  propionitrile  proceeded  by  the  scheme  accepted  for  other  substituted  hydrocarbons. 

C,.H2,hiX  +  2PCI3  +  O2  C,ll2»XPOCl2  +  POGI3  +  HCl  (1) 

The  nitrogen  and  phosphorus  contents  of  the  substance  obtained  were  found  to  be  low  in  comparison  with 
the  composition  corresponding  to  the  formula  presented. 

Analysis  data  of  the  substance  were  close  to  the  values  calculated  for  a  compound  with  the  formula 
C3H5CI3ONP,  whose  formation  during  the  reaction  with  phosphorus  trichloride  and  oxygen  was  possible  only  if  libera¬ 
tion  of  hydrogen  chloride  did  not  occur.  Evidently,  this  substance  could  have  formed  only  if  the  C  =  N  group  was 
involved  in  the  reaction. 
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QjHsC-N  +  2PCI3  +  O2  C2H5CGl=NP(0)Ci2  +  POCI3  (2) 

(I) 

We  also  could  not  exclude  the  reaction  course  in  which  there  first  occurred  the  production  of  a  C— P  bond, 
characteristic  of  oxidative  chlorophosphination. 


-CH2(GN)CH2P(0)Cl2 

CH3CH2feN  +  -dRCIs  +  O2C  +  POCI3  +  11  Cl 

V:il3CH(CN)P(0)Cl2 

Then,  the  hydrogen  chloride  formed  added  to  the  nitrile  group  with  the  formation  of  compounds  represented 
by  Formulas  (n)  or  (in). 

CH2(CC1=NH)  •  CH2P(0)Cl2  CH3CH(CCl=NH)P(0)Cl2 
(H)  (III) 

To  establish  the  structure  of  the  compound  obtained,  an  investigation  was  made  of  its  infrared  absorption 
spectrum,*  The  spectrum  showed  bands  close  to  those  characteristic  of  C— Cl  (769  and  1540  cm’^),  and  C=N 
bonds  (1640  cm“^).  At  the  same  time,  bands  characteristic  of  C  =  N,  C—  P,  N""H,  and  C  —  O  bonds  were  not  ob¬ 
served.  The  data  obtained  made  it  possible  to  ascribe  Formula  (I)  to  the  substance  Isolated,  and  to  reject  Formulas 
(n)  and  (in).  The  possibility  of  compounds  of  type  (I)  existing  was  confirmed  by  Kirsanov  and  Derkach,  who  re¬ 
cently  described  substances  simiiar  to  that  obtained  by  us  [4J. 

To  confirm  the  ideas  presented  above,  we  carried  out  the  oxidative  chlorophosphination  of  benzonitrile , 
a  compound  which  could  only  undergo  this  reaction  if  the  nitrile  group  was  Involved  in  the  interaction,  since  it  is 
known  that  benzene  does  not  undergo  oxidative  chlorophosphination.  We  were  able  to  isolate  a  product  from  the 
reaction  of  benzonitrile,  phosphorus  trichloride,  and  oxygen.  The  properties  of  the  substance  synthesized  differed 
from  those  described  by  Kirsanov  for  the  unstable  trichlorophosphazobenzoyl,  C8H^ON  =  PCl3  [5],  which  was  iso¬ 
meric  with  this  compound.  The  infrared  spectrum  of  the  substance  showed  characteristic  bands  of  C  =  N  and  P  =  0 
bonds.  The  band  of  the  C—O  bond  was  absent.  Thus,  the  compound  obtained  should  be  assigned  the  formula 
C5H8CCl  =  NPOCl2.  On  distillation,  the  substance  decomposed  extremely  readily  with  the  evolution  of  phosphorus 
oxychloride.  It  should  also  be  noted  that  the  oxidative  chlorophosphination  of  benzonitrile  was  readily  inhibited 
by  extremely  small  amounts  of  various  substances,  which  made  the  execution  of  this  reaction  difficult. 

The  oxidative  chlorophosphination  of  nitriles  of  carboxylic  acids,  having  4  and  more  carbon  atoms  in  the 
molecule,  led  to  the  formation  of  acid  chlorides  of  cyanoalkanephosphinlc  acids,  compounds  containing  a  C— P 
bond,  l.e.,  the  reaction  proceeded  by  the  usual  scheme,  analogous  to  that  proposed  previously  for  halogen  deriva¬ 
tives  of  alkanes  [1]. 

G.H2,^jCN  +  2PCI3  -f  O2  ->  C„H2»CN  .  P(0)Cl2  +  POCI3  4-  HCl 

The  acid  chlorides  of  cyanoalkanephosphinlc  acids  formed  boiled  over  relatively  wide  temperature  ranges, 
and  were  mixtures  of  isomeric  compounds  differing  in  the  relative  position  of  the  PCX^lj  groups  in  the  carbon  chain. 
This  hypothesis  was  confirmed  by  the  results  of  analyses  of  various  fractions  of  the  acid  chloride  of  cyanobutane- 
phosphinic  acid,  obtained  by  oxidative  chlorophosphination  of  valeronitrile.  The  infrared  spectrum  showed  intense 
bands  corresponding  to  the  C  =  N  bond  (2300  cm"^).  Analogous  results  were  obtained  by  reacting  butyronltrlle  with 
phosphorus  trichloride  and  oxygen. 

Thus,  for  nitriles  of  carboxylic  acids  containing  more  than  three  C  atoms,  oxidative  chlorophosphination 
proceeds  according  to  Scheme  (l),  and  for  acetonitrile,  propionltrile ,  and  benzonitrile,  according  to  Scheme  (2), 
and  leads  to  the  formation  of  a  P— N  bond. 


*The  spectroscopic  investigation  was  carried  out  by  N.  P,  Rodionova,  S.  S.  Dubov,  and  V.  V.  Fedotova. 
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EXPERIMENTAL 


Oxidative  chlorophosphlnation  of  acetonitrile,  a)  Through  a  mixture  of  130  g  of  freshly  distilled  aceto¬ 
nitrile  and  350  g  of  phosphorus  trichloride  at  20* ,  oxygen  was  passed  until  reaction  ceased.  The  phosphorus  oxy¬ 
chloride  formed  was  removed  in  vacuum  at  room  temperature.  The  operation  was  repeated  several  times.  The 
residue  from  each  operation  was  2-4  g.  The  combined  mass  from  a  series  of  operations  was  vacuum  distilled. 

After  several  distillations,  a  substance  was  obtained  boiling  at  68-75*  (3-4  mm).  During  each  distillation,  a  trap 
cooled  to  —78*  collected  a  noticeable  amount  of  phosphorus  oxychloride.  It  was  impossible  to  Isolate  an  individual 
compound.  The  heavy  oil  obtained  (d  1,55-1,65)  reacted  vigorously  with  water,  b)  7,5  g  of  the  oil  isolated  was 
added  at  —5*  to  50  ml  of  anhydrous  alcohol.  After  removal  of  the  hydrogen  chloride  and  excess  alcohol  in  vacuum, 
a  substance  with  b,p,  70*  (3  mm),  d*®4  1.076,  n*®D  1,4075  distilled.  The  substance  was  soluble  in  water.  It  did  not 
contain  chlorine  or  nitrogen,  and  had  11.%%  oi  CX^2^> 

Triethyl  phosphate  has  b.p,  90*  (10  mm),  d*®^  1.0695,  n*®D  1,4075;  OC2H5  74,2%. 

From  the  residue  and  the  condensate  separated  white  crystals,  which  did  not  melt  up  to  230*. 

Found  %  Cl  66.0;  N  25.68.  NH^l. 

Calculated  %.  Cl  66.29;  N  26.18. 

Oxidative  chlorophosphlnation  of  propionitrile.  Through  a  mixture  of  55,0  g  (1,0  mole)  of  propionitrile, 
and  400  g  of  PCI3  (2.9  mole),  oxygen  was  passed  until  reaction  ceased.  From  the  reaction  mass  we  isolated  10.8  g 
(5.2%,  calculated  on  the  nitrile  taken)  of  a  substance.  It  dissolved  readily  in  water. 

B.p.  78-80*  (3  mm),  d*®4  1.4932,  n*®D  1.4918. 

Found  %:  Cl  50.5,  50.7;  N  6.21,  6.29;  P  15.22,  15.38.  C3H5ONPCI3. 

Calculated  %:  Cl  51.25;  N  6.72;  P  14.86. 

Oxidative  chlorophosphlnation  of  benzonitrile.  Through  a  mixture  of  188  g  (1,375  mole)  of  PCI3  and  60  g 
(0.585  mole)  of  benzonitrile, oxygen  was  passed  until  reaction  ceased.  The  oxidation  proceeded  in  the  presence  of 
a  few  granules  of  benzoyl  peroxide.  After  two  distillations,  1,4  g  of  substance  was  isolated  from  the  reaction  mix¬ 
ture. 

B.p.  140-145*  (2.5  mm),  d*®4  1.4973,  n*®D  1.5850. 

The  substance  described  by  Kirsanov,  trlchlorophosphazobenzoyl  (CgH^^O  *  N  =  PCl3)had  m.p.  60-61*  [4], 

Found  %:  Cl  41.53,  41.0;  N  4.98.  4.94.  C7H5ONPCI3. 

Calculated  %  Cl  41.49;  N  5.46. 

Oxidative  chlorophosphlnation  of  butyronitrile.  Through  a  mixture  of  250  g  (1.82  mole)  of  PCI3  and  37,7  g 
(0.835  mole)  of  CH3CH2CH2CN  at  15*,  oxygen  was  passed  until  reaction  ceased.  After  two  distillations,  5,24  g 
of  substance  was  isolated  from  the  reaction  mixture. 

B.p.  110-112*  (1.5  mm),  d*®4  1.3998,  n*®D  1.4903,  MRd  38.43;  calc.  38.49. 

Found  %:  C  26.10,  26.36;  H  3.54,  3.66;  Cl  37.87,  37.87;  N  7.70,  7.41;  P  16.40,  16.37.  C4H50NPC12. 

Calculated  %.  C  25.81;  H  3.25;  N  7.53;  Cl  38.13;  P  16.65. 


Boiling  point 
of  fraction 
at  3  mm 

! 

„10 

MRo 

Analysis 

Fraction 
as  percent  of 
total  amount 

c 

H 

Cl  *• 

N 

135— 1 38° 

1.3497 

1.4935 

43.11 

29.15 

4.45 

34.56 

6.43 

38.52 

140—14/1 

1.3417 

1.4925 

43.29 

— 

— 

35.07 

— 

24.58 

145—148 

1.3304 

1.4924 

4.3.35 

— 

— 

35.02 

— 

24.58 

150-155 

1.3458 

1.4913 

4.3.16 

29.38 

3.92 

34.90 

7.82 

12.29 

•The  chlorine  content,  determined  by  Stepanov’s  method,  did  not  differ  from  that  found 
by  a  normal  argentometric  titration  of  a  sample  treated  with  water. 
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Oxidative  chloropliosphlnation  of  valeronitrile.  Through  a  mixture  of  21,0  g  (0,25  mole)  of  valeronitrile , 
and  200  g  (1.45  mole)  of  PCI3  at  20”,  oxygen  was  passed  until  reaction  ceased.  Two  distillations  of  reaction  mix¬ 
ture  yielded  12,2  g  of  substance  boiling  at  135-155*  (3  mm).  The  yield  was  24,4%,  The  characteristics  of  the 
separate  fractions  are  given  in  the  table.* 

SUMMARY 

1.  It  was  shown  that  oxidative  chlorophosphination  of  nitriles  may  proceed  in  two  directions.  Nitriles  of 
acids  having  4  and  more  C  atoms  in  the  molecule  form  acid  chlorides  of  cyanoalkanephosphinic  acids, 
CnH2|i(CN)P(0)Cls,  i.e.,  compounds  containing  a  C— P  bond.  The  first  members  of  the  nitrile  series  (acetonitrile 
and  proplonltrile),  and  also  benzonitrile ,  react  with  PCI3  and  to  form  compounds  containing  a  P— N  bond,  l.e., 
derivatives  of  acid  chlorides  of  imldo-N-phosphoric  acids,  corresponding  to  the  formula  RCCl  =  NP(0)Cl2. 

2.  The  acid  chlorides  of  cyanopropane-  and  cyanobutanephosphinic  acids  were  synthesized. 

3.  We  obtained  two  acid  chlorides  of  Imido-N-phosphoric  acid  with  the  probable  structures  C2H^C1  = 

=  NP(0)C1,  and  C3H^Cl=NP(OX:i*. 

4.  The  acid  chloride  of  imldo-N-phosphorlc  acid,  formed  from  acetonitrile,  could  not  be  isolated  in  a 
pure  form. 
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•Calculated  for  C4H8(CN)P(OX:1i  in  %:  C  30.02;  H  4.03;  Cl  35.46;  N  7.00.  MR^  43.11. 
*  *  Original  Russian  pagination.  See  C.B.  translation. 
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DERIVATIVES  ON  THE  ULTRAVIOLET  ABSORPTION  SPECTRA 
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In  previous  communications  [1,2], we  showed  that  rhodanine  and  its  derivatives  are  characterized  by  two 
absorption  bands,  a  thlone  band  in  the  region  of  ~260  mfi  and  an  amide  band  at  ~295  mfi.  The  introduction  of 
arylidene  (and  also  cinnamylidene  or  furfurylldene)  substituents  into  position  5  produces  a  K-band  with  a  strongly 
expressed  maximum  in  the  region  of  ~385  mfi ,  while  the  maxima  in  the  region  of  the  thlone  band  frequently  dis¬ 
appear  and  sometimes  the  amide  band  does  likewise.  The  introduction  of  methyl  and  carboxymethyl  groups  into 
position  3  basically  changes  [2,3]  only  the  absorption  intensity,  above  all  in  the  first  two  bands.  According  to 
data  in  [4],  the  introduction  of  a  phenyl  group  into  position  3  involves  the  appearance  of  two  weakly  expressed 
narrow  bands  in  the  region  of  220-230  mfi. 


To  study  the  effect  of  aryl  groups  in  position  3  on  the  absorption  spectra,  we  synthesized  3-p-ethoxyphenyl- 
rhodanine  (I,  X  =CaH4CX:;2HB)  *nd  five  of  its  derivatives  substituted  in  position  5. 


coon 

I 

CHa 

\ 

SCN 


N-X 

+  Ls 


o=r- 

1 

HaC 


■  N— X 

I 

C=S  +HCNO 


COOH  N-X 

I  II 

HC=0  +  Clla  -f  C=S 
R  \cN 


\s/ 

(I) 

0=C - N-X 

I  I 

HC=C  C=S  -I-  HCNO  -f  HaO 


R 


(ll) 


In  the  spectra  of  all  the  compounds  obtained  (Figs.  1-3),  only  inflections  or  weakly  expressed  maxima 
were  observed  in  the  thione  band.  The  maxima  in  the  region  of  the  amide  band  were  expressed  more  clearly,  but 
in  the  presence  of  a  K-band,  they  disappeared  in  certain  cases  (benzylidene  and  m-nitrobenzylidene  derivatives). 

Replacement  of  the  phenyl  group  in  position  3  by  methyl  led  to  a  reduction  in  the  absorption  intensity,  as 
is  indicated  by  a  comparison  of  the  absorption  curves  of  the  ammonium  salt  of  5-benzylidene-3-p-carboxyphenyl- 
rhodanine  (II,  R=CgH5,  X=C6H^OONH4)  (Fig.  2)  and  the  ammonium  salt  of  5-benzylidenerhodanine-3-acetic 
acid  [3]  (II,  R=C6H5,  X  =CH2C00NH4).  Analogous  results  were  obtained  by  comparing  the  absorption  curves  of 
3-p-ethoxyphenyl-5-benzylidenerhodanine  (II,  R=C6H5,  X=CjH50C6H4)  (Fig.  1)  and  3-methyl-5-benzylidene- 
rhodanine  [3]  (II.  R=C6H5,  X  =CH3). 

Esterification  of  the  carboxyl  groups  (--CH2COOH  -►  —  CH2CCXX:2H5)f  like  neutralization  of  the  carboxyl 
groups  with  ammonia  (— CH2COOH  -*  “CH2CCXDNH4)  did  not  change  the  positions  of  the  main  maxima  and  minima. 
A  certain  change  in  the  absorption  intensity  only  of  the  thione,  and  also,  the  amide  bands,  was  observed.  Blocking 
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Name  of  compound 

Yield 

Melting  point 

Analysis  data  (in  %) 

(in 

found 

calculated 

3  -p  -  Ethox  yphenyl  -  5-m  -  nltrobenzy  lidene  - 
rhodanine 

83 

227-228*  1 

7.68  N 
55.92  C 

3.66  H 

7.25  N 
55.94  C 

3.65  H 

3-p-Ethoxyphenyl-5-p-anisylidenerhodanine 

77 

225-227  1 

4.03  N 
61.49  C 

4.84  H 

3.77  N 
61.43  C 

4.61  H 

3-p-Ethoxyphenyl-5-clnnamylidenerhodanine 

# 

94 

235-237  1 

4.13  N 
65.38  C 

4.79  H 

3.81  N 
65.37  C 

4.66  H 

NH4  salt  of  3-p-carboxyphenyl-5-benzylidene- 
rhodanine 

81 

295-296  (decomp.) 

7.88  N 

7.82  N 

3-Carbethoxymethyl-5-benzylidenerhodanine 

57 

122-123  1 

5.04  N 
54.04  C 

4.39  H 

4.56  N 
54.70  C 

4.26  H 

3-Carbethoxymethyl-5-  m-nitrobenzylidene- 
rhodanine 

67 

150  (decomp.)  | 

8.94  N 
47.33  C 

3.53  H 

7.95  N 
47.72  C 

3.43  H 

3-Carbethoxymethyl-5-furfurylidene- 

rhodanine 

41 

85  1 

5.42  N 
48.14  C 

4.03  H 

4.71  N 
48.47  C 

3.73  H 

3-Carbethoxymethyl-5-cinnamylidene- 

rhodanine 

55 

181-182  1 

4.83  N 
57.15  C 

4.62  H 

4.20  N 
57.63  C 

4.54  H 

3-Methyl-5-p-nitrobenzylidenethodanine 

86.4 

210-211  1 

[  10.54  N 
'  46.62  C 
.  3.07  H 

10.00  N 
47.13  C 

2.88  H 

Fig.  1.  Absorption  spectrum  curves; 

1)  3-p-ethoxyphenylrhodanine;  2) 
ethyl  ester  of  5-benzylidenerhodan- 
ine-3-acetic  acid;  3)  5-benzylidene- 
-3-p-ethoxyphenylrhodanine;  4)  5-p- 
-  anisy lidene-  3-  p-  ethoxy phenylrho  - 
danine. 


Fig.  2.  Absorption  spectrum  curves:  1)  am¬ 
monium  salt  of  5-benzylidene-3-p-carboxy- 
phenylrhodanine;  2)  5-cinnamylidene-3-p- 
-ethoxyphenylrhodanine;  3a)  5-salicylidene- 
rhodanlne-3-acetic  acid  in  an  alkaline  solu¬ 
tion  (after  3  hours);  3b)  the  same  in  alkaline 
solution  (after  10  minutes). 
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A  mu 


Fig,  3,  Absorption  spectrum  curves; 

1)  ethyl  ester  of  5-m-nitrobenzyli- 
denerhodanine-3-aceticacid;  2)  5- 
-  m-  nitrobenzylidene-  3-p-  ethoxy- 
phenylrhodanine;  3)  ethyl  ester  of 
5-furfurylidenerhodanine-3-acetic 
acidi  4)  5-furfurylidene-3“p-ethoxy“ 
pheny  Irhod  anine . 


A 


Fig.  4.  Absorption  spectrum  curves:  l)  5-benzylidene- 
-3-methylrhodanine  in  alkali  solution;  2a)  5-salicyli- 
dene-3-methylrhodanlnein  alkaline  solution  (after  3  hrs); 
2b)  5-salicylidene-3-methylrhodanine  in  alkaline  solu¬ 
tion  (after  10  min  );  3a)  5-p-nitrobenzylidene-3- 
-  methylrhodanine  in  alkaline  solution  (after  3  hrs);  3b) 
5-p-nitrobenzylidene-3-methylrhodanine  in  alkaline 
solution  (after  10  min  ). 


the  carboxyl  groups  also  had  hardly  any  effect  on  the  K-chromophores  (connected  with  the  presence  of  arylidene 
groupings  in  position  5)  and,  due  to  this,  the  K- bands  of  the  absorption  were  hardly  changed  (Figs.  1-3), 


Interesting  changes  occurred  as  a  result  of  the  action  of  NaOH  on  3- substituted  derivatives  of  rhodanlne, 
containing  arylidene  groups  in  position  5,  The  absorption  spectra  of  5- benzylidene-3- methylrhodanine  (11, 
X=CH3,  R— CgHs)  in  alcoholic  alkali  solution  (Fig.  4)  were  characterized  by  a  considerable  increase  in  the  ab¬ 
sorption  intensity  in  the  thione  and  amide  bands  in  comparison  with  the  spectra  in 
neutral  alcohol  solution  [3].  No  essential  changes  in  the^K-band  were  observed, 
and,  due  to  the  stability  of  the  preparation  in  alkaline  solutions,  the  spectra  did 
not  change  over  a  long  period.  Changes  in  the  thione  and  amide  bands  were  con¬ 
nected  with  a  displacement  of  electrons  under  the  action  of  NaOH,  caused  by  eno- 
llzatlon  and  salt  formation.  The  probability  of  the  formation  of  salt  (in)  was  con¬ 
firmed  by  the  investigations  of  Holmberg  [5],  who  isolated  the  sodium  salt  of  3- 
-phenyl-2-ethoxy-2-mercaptothiazolidone-4,  in  a  pure  state,  starting  from  3- 
-phenylrhodanine  and  sodium  alcoholate. 


0=C- 

I 

GH=C 


N-CHg 
I^SNa 
G\ 


I 


(III) 


The  appearance  of  new  maxima  for  3-phenylrhodanlne  under  the  action  of  alkali  was  observed  by  A.  E, 
Lutskii  [6]:  however,  this  phenomenon  could  not  be  caused  by  enolization,  since  rhodanines  unsubstituted  in  posi¬ 
tion  5  (including  3-phenylrhodanine)  undergo  hydrolysis  under  the  action  of  alkalies,  even  in  the  cold,  to  form 
thioglycolic  acid  [7], 


Essential  changes  under  the  action  of  alkalies  were  observed  for  5- arylidene  derivatives,  which  were  capable 
of  forming  quinoid  groupings  due  to  the  presence  of  OH  or  NO^  groups  in  para  or  ortho  positions.  For  the  investi¬ 
gations  we  used  5-p-nitrobenzylidene-3-methylrhodanine  (II,  X=CH3,  R=C6H4NOi),  5-salicylidene-3- methyl¬ 
rhodanine  (II,  X=CH3,  R=C6H40H),  and  5-salicylidenerhodanine- 3- acetic  acid  (II,  X=CH2C(X)H,  R=C6H40H), 

Freshly  prepared  alcoholic  alkali  solutions  of  5-p-nitrobenzylidene-3-methylrhodanine  had  a  pink  color 
(€  1000  at  595  mP  ),  but  they  became  yellow  in  time  (after  3  hours*  standing,  c  1000  at  545  mp  ),  At  the  same 
time,  neutral  solutions  of  the  preparation  were  almost  colorless  (e  1000  at  430  mp)  [3],  In  alkaline  solution, 
there  were  characteristic  inflections  in  the  thione  and  amide  bands  (Fig,  4).  The  main  maximum  in  the  K-band 
(at  380  mp)  was  partly  displaced  in  comparison  with  that, in  neutral  solution,  and  had  a  lower  absorption  intensity. 
This,  and  also  the  appearance  of  a  new  maximum  at  *^460  mp ,  was  connected  with  the  formation  of  a  new  nitro¬ 
gen-containing  K-chromophore,  When  alcoholic  alkali  solutions  of  the  preparation  were  stored,  this  new  maximum 
was  displaced  toward  shorter  wavelengths,  and  converted  into  an  inflection. 
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Freshly  prepared  alcoholic  alkali  solutions  of  5-salicylidene-3-methylrhodanlne  had  a  crimson  color 
(c  1000  at  585  mfi )  and  turned  yellow  in  time  (after  3  hours  standing, «  1000  at  555  m/i ),  Neutral  solutions  of  the 
preparation  were  very  weakly  colored  (  c  1000  at  ~  450  mji ),  The  new  intense  maximum  (Fig,  4)  at  498  mp  gradu¬ 
ally  became  less  intense. 

Under  the  action  of  alkali  on  5-sallcylidenerhodanlne-3-acetlc  acid,  a  new  maximum  appeared  at  ~496  mfi 
with  the  longwave  absorption  edge  (e  1000)  at  ~575  mp  (Fig.  3).  The  large  changes  in  the  absorption  spectra  not 
only  in  the  thione  and  amide  bands,  but  also  in  the  K-band  were  connected  with  hydrolytic  cleavage  of  the  Ns“C4 
bond  in  the  thiazolldine  ring,  which  is  characteristic  of  rhodanlne- 3- acetic  acid.  A  negative  nitroprusside  test 
excluded  the  possibility  of  free  mercaptide  groups. 

EXPERIMENTAL 

3-p-Ethoxyphenylrhodanine  and  its  5-substituted  derivatives  were  prepared  by  the  procedure  described  by 
one  of  us  [8],  by  the  reaction  of  p-ethoxyphenyl  mustard  oil  with  thlocyanoacetates.  For  this  purpose,  20  mmole 
of  sodium-potassium  thlocyanoacetate,  20  mmole  of  p-ethoxyphenyl  mustard  oil,  and  1.0  g  of  lead  acetate  were 
heated  with  15  ml  of  glacial  acetic  acid  on  a  boiling  water  bath.  In  the  synthesis  of  5-substituted  derivatives, 
during  the  condensation  20  mmole  of  the  appropriate,  aldehyde  was  introduced  simultaneously.  When  the  evolu¬ 
tion  of  carbon  dioxide  ceased  (15-60  min),  the  reaction  mixture  was  diluted  with  water,  and  the  precipitate  col¬ 
lected  and  recrystallized  from  glacial  acetic  acid  or  Isoamyl  alcohol.  The  melting  points  of  3-p-ethoxyphenyl- 
rhodanine  (yield  76%)  and  its  5-benzylldene  (yield  72%),  and  5-furfurylldene  derivatives  (yield  85%)  agreed  with 
literature  data  for  preparations  obtained  by  Wagner  [9].  In  the  table  we  present  the  substances  not  described  in 
the  literature. 

3-p-Carboxyphenyl-5-benzylldenerhodanine  was  obtained  by  Pujari  and  Rant's  method  [10],  and  then  con¬ 
verted  into  the  ammonium  salt  by  passing  dry  ammonia  through  an  acetone  solution  of  the  preparation.  The  crys¬ 
talline  precipitate  was  collected,  washed  with  acetone,  and  dried. 

The  esterification  of  rhodanine-3-acetic  acid  derivatives  was  carried  out  by  dissolving  the  substance  in¬ 
vestigated  in  the  least  amount  of  boiling  alcohol,  and  then  passing  dry  HCl  through  the  boiling  solution  for  30-35 
minutes.  The  precipitate,  which  crystallized  in  the  cold,  was  collected  and  recrystallized  from  ethanol. 

The  synthesis  of  3- methylrhodanine  derivatives  was  carried  out  by  us  previously  [3]. 

The  spectrophotometric  investigations  were  carried  out  with  a  quartz  SF-4  spectrophotometer.  The  light 
source  was  a  low- voltage  hydrogen  arc  lamp.  Solutions  of  the  Investigated  substances  (concentration  ~1  mg  per 
100  ml)  were  prepared  in  alcohol.  For  preparing  alcoholic  alkali  solutions,  0,3  ml  of  0.1  N  NaOH  was  added  to 
the  alcohol,  which  corresponds  to  a  seven-  to  nine- fold  excess  of  alkali. 

SUMMARY 

1.  The  introduction  of  aryl  or  alkyl  substituents  (C4H5,  p-CjH6CX^6H4,  CI^COOH,  CH|COOCtH5,CH2COONH4, 
C4H4COONH4)  in  position  3  of  the  rhodanlne  molecule,  and  its  derivatives  produced  a  displacement  of  electrons  in 
the  thione  and  amide  groups,  but  had  hardly  any  effect  on  the  K-chromophores.  An  analogous  effect  was  observed 

in  the  Interaction  of  rhodanlne  with  alkalies. 

2,  By  the  interaction  of  alkalies  with  5-arylldenerhodanines,  containing  OH  or  NO^  groups  in  the  ortho 

or  para  positions  in  the  arylidene  grouping,  an  intense  new  absorption  band  in  the  460-500  mp  region  was  produced. 
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CATALYTIC  CONVERSIONS  OF  TERRENES 

Vm.  ISOMERIZATION  CONVERSIONS  OF  TERPINOLENE  IN  THE  PRESENCE 

OF  TITANIC  ACID 

G.  A.  Rudakov  and  M.  M.  Shestaeva 
Central  Scientific  Research  Institute  of  Wood  Chemistry 
Original  article  submitted  April  7,  1958 


Isomerization  conversions  of  monocyclic  terpenes  in  the  presence  of  acids  are  usually  considered  as  ir¬ 
reversible  processes,  proceeding  from  a  dipentene  (I)  through  a  terpinolene  (II)  to  an  ot-terpinene  (III)  and  a  y  - 
terpinene  (IV).  On  closer  examination,  these  ideas  are  found  to  be  implausible  both  from  the  point  of  view  of 
the  carbonium  ion  and  ester  mechanisms. 

Actually,  in  the  action  of  acids  on  terpinolene  (n),  one  would  expect  the  simultaneous  forni^on  of  car¬ 
bonium  ions  (V)  and  (VI)  or  the  corresponding  esters  of  ot-terplneol  and  terpinen-4-ol,  since  C  atdms  4  and  8  at 
the  double  bond  in  the  terpinolene  are  equivalent.  In  the  reverse  elimination  of  a  proton  from  (V),  one  would  ex¬ 
pect  the  formation  of  an  equilibrium  mixture  consisting  of  75%  of  dipentene  (I)  and  25%  of  terpinolene  (n)  [1], 
and  in  the  reverse  elimination  of  a  proton  from  (VI),  apparently,  one  should  obtain  an  equilibrium  mixture  of  hy¬ 
drocarbons  (in),  (IV),  and  (n).  In  the  light  of  these  ideas,  on  heating  any  of  the  monocyclic  terpenes  listed  above, 
with  titanic  acid,  one  would  expect  to  obtain  an  equilibrium  mixture  of  (I),  (II),  (lU).  and  (IV). 
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The  aim  of  the  present  investigation  was  to  establish  whether  the  interconversion  (I)  =s*(n)  occurred,  with¬ 
out  considering  whether  the  reversible  conversion  (n)  ^(in)  [or  (IV)]  was  present.  With  this  purpose,  we  studied 
the  products  obtained  as  a  result  of  catalytic  conversions  of  terpinolene  (II)  in  the  presence  of  titanic  acid  at  135*. 
It  was  found  that,  together  with  (II),  (III),  and  (IV),  they  contained  about  10%  of  dipentene  (I),  which  confirmed 
the  ideas  presented  on  the  presence  of  reversible  conversions  (I)  sr^dl).  The  catalyzate  was  also  found  to  contain 
A®-p-menthene  and  p-cymene,  which  indicated  the  presence  of  the  parallel  reaction  of  hydrogen  disproportiona¬ 
tion,  even  under  the  mild  conditions  described. 


In  the  case  when  an  optically  active  form  of  dipentene,  limonene,  was  treated  with  the  catalyst,  the  re¬ 
versible  conversions  demonstrated  by  the  present  investigation  led  to  its  racemization. 
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Up  to  now ,  it  has  been  accepted  that  the  racemization  of  limonene  In  the  presence  of  acids  proceeded 
oniy  due  to  transposition  of  the  double  bond  in  the  ring.  It  was  supposed  that  the  reaction  proceeded  through  the 
terpene  ester  [2]  or  the  corresponding  carbonium  ion  (VII). 
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In  solving  the  problem  of  which  of  the  schemes  presented  was  responsible  for  racemization  of  the  bulk  of 
the  limonene,  when  heated  with  acids,  it  should  be  borne  in  mind  that  acids  readily  attack  only  the  double  bond 
in  the  isopropyl  group,  and  that,  under  certain  conditions,  for  example,  in  the  absence  of  water,  the  double  bond 
in  the  ring  is  not  attacked  at  all.  Therefore,  the  predominance  of  racemization  of  limonene  due  to  the  reversible 
conversions  (I)  =5^(11)  over  racemization  due  to  transposition  of  the  double  bond  in  the  ring  is  probable,  even  in  a 
homogeneous  medium.  As  regards  a  heterogeneous  medium,  in  this  case,  in  addition  to  the  considerations  pre¬ 
sented  ,  it  is  necessary  to  take  into  account  the  orientation  of  the  adsorbed  limonene  molecules  on  the  catalyst 
surface.  Since  limonene  (I)  is  very  rapidly  converted  into  terpinolene  (II)  when  heated  with  solid  acid  catalysts, 
it  may  be  considered  that  the  isopropyl  groups  of  the  molecules  are  directed  toward  the  catalyst.  In  this  case, 
the  addition  of  a  proton  at  the  double  bond  of  the  ring,  which  is  not  adjacent  to  the  catalyst,  may  be  difficult. 
Therefore,  a  considerable  predominance  of  racemization  of  limonene  due  to  the  reversible  conversions  (I)  ^s^fll) 
under  heterogeneous  catalysis  conditions  is  most  probable, 

EXPERIMENTAL 

As  starting  materials,  we  used  titanic  acid,  characterized  in  our  previous  communications  under  the  name 
of  "catalyst  1-52"  [3],  and  terpinolene  (II),  isolated  from  the  mixture  of  products  from  the  catalytic  isomerization 
of  ot-pinene  in  the  presence  of  titanic  acid.  In  addition  to  terpinolene,  the  isomerizate  contained  unreacted  ot- 
-pinene,  ^.amphene,  limonene,  and  terpinenes.  The  isomerizate  was  vacuum  distilled  twice  in  succession  on  a 
column  with  an  efficiency  of  about  25  theoretical  plates.  Since  the  Isomerizate  contained  limonene  ([otjjj  +  68,8"), 
the  amount  of  this  in  the  terpinolene  fractions  could  be  determined  from  the  optical  rotation  with  a  high  degree 
of  accuracy  (0,1%),  Since  the  terpinolene  obtained  was  completely  free  from  traces  of  optically  active  substances, 
the  presence  of  limonene  (or  its  optically  inactive  form,  dipentene,  which  boils  at  the  same  temperature)  it  was 
excluded.  The  purity  of  the  terpinolene  used  is  illustrated  by  the  graph  of  the  last  distillation  (Fig,  l). 

The  physical  constants  of  the  terpinolene  used  [n^^D  1,4896,  d*^  0,8596,  MI^  45,76;  calc.  45.24;  EMRp 
0.52  (EMRp  =  0,5  for  the  semicyclic  double  bond)]  agreed  well  with  its  constants,  presented  in  the  latest  works  [4], 

For  the  Isomerization,  160  g  of  terpinolene  was  used.  The  reaction  was  carried  out  with  vigorous  stirring 
in  the  presence  of  0.5%  of  catalyst  for  85  minutes  at  135",  Hydroquinone  (0,01%)  was  added  as  an  antioxidant. 

The  isomerizate  (n*®D  1.4904)  was  vacuum  distilled.  We  obtained  78%  of  monoterpenes  with  n*®D  1,4828 
and  d*^  0,8471,  and  also  22%  of  polymers  with  n^^D  1.5200  and  d*®4  0.9205,  The  polymers  were  not  examined 
further. 

For  separation  of  the  a-terpinene,  22  g  of  maleic  anhydride  was  added  to  110  g  of  monoterpenes  in  110  g 
of  absolute  ether  at  a  temperature  of  not  higher  than  +20"  [5].  After  two  days,  the  product  was  washed  twice  with 
350  ml  of  57o  aqueous  NaOH  solution,  dried  with  potassium  carbonate  and  metallic  sodium,  and  again  treated  with 
22  g  of  maleic  anhydride  under  the  same  conditions.  After  three  days,  the  ether  solution  was  again  washed  with 
5%  NaOH  solution  and  then  steam  distilled.  The  ether  was  distilled  in  vacuum  from  the  ether  extract  collected 
(100  ml) and  the  terpenes  vacuum  dlstilled.We  obtained  56.8  g  of  terpenes  with  n*°D  1.4833  and  d*®4  0.8522. 
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Fig.  1.  Final  distillation  of  the  terplnolene  fraction 
Isolated  from  the  Isomerization  products  of  ot-pln- 
ene:  l)n*®D;  2)  d*®^;  3)aDJ  A)  fraction  used  for 
further  Isomerization, 


Fig.  2,  Distillation  of  Isomerizate  obtained  from  ter 
plnolene:  1)  n*®Dj  2)  d*®^. 


The  terpenes,  freed  from  ot-terpinene,  were  subjected  to  analytical  distillations  in  vacuum  on  a  column 
with  an  efficiency  of  about  50  theoretical  plates.  We  distilled  62.5*!^  of  substance,  and  37,5*70  remained  in  the 
residue.  The  results  of  the  distillation  are  presented  graphically  (Fig,  2), 

The  distillation  curves  had  a  series  of  plateaus  and  inflections,  on  the  basis  of  which  the  fractions  ob¬ 
tained  were  separated  into  four  groups  designated  by  the  letters  A,  B,  C,  and  D  in  Fig.  2. 

Group  A  (Fractions  1-2,  S.l^)  was  characterized  by  low  specific  gravity  and  refractive  index.  For  Frac¬ 
tion  1  we  found:  b.p,  166",  n*®D  1,4598  and  d*®4  0.8273,  By  titration  with  benzoyl  hydroperoxide  [6],  it  was  estab¬ 
lished  that  there  were  1.1  double  bonds  present  per  mole  of  hydrocarbon  (taking  M  =  138),  contained  in  the  mix¬ 
ture  of  first  and  second  fractions.  Evidently,  the  fractions  of  this  group  contained,  as  the  main  component,  A®-p- 
-menthene,  which  one  of  us  had  already  found  in  analogous  products,  obtained  in  the  catalysis  of  dipentene  in 
the  presence  of  an  aluminosilicate  catalyst  [7],  The  A®-p-menthene  was  strongly  contaminated  by  high-boiling 
products. 

Group  B  contained  Fraction  3  (3.9*7o).  We  considered  this  fraction  as  intermediate,  and  did  not  examine  it. 

Group  C  consisted  of  Fractions  4-8  (18.8*70).  The  most  characteristic  fractions  of  this  group,  namely  5-7, 
had  b.p.  177*,  n*®D  1.4811,  d*®^  0.8488,  and  consisted  of  dipentene  and  p-cymene.  The  presence  of  dipentene 
was  proved  by  the  preparation  of  its  tetrabromide  with  m.p.  125*.  After  oxidation  of  the  dipentene  with  2*7o 
aqueous  KMnO^  solution,  we  isolated  p-cymene  (n*®D  1,4910  and  d*®4  0.8613),  From  the  p-cymene,  we  obtained 
p-hydroxyisopropylbenzoic  acid  with  m.p.  156®  [8],  Titration  with  benzoyl  hydroperoxide  established  that  the 
mixture  of  Fractions  4-8  contained  65*7o  of  dipentene  (1.33  double  bonds  per  mole  of  hydrocarbon)  and  35*7o  of  p- 
-cymene.  The  values  of  n*®D  (1,475)  and  d*"4  (0.844),  calculated  by  Biot  and  Arago’s  equation  for  the  dipentene 
contained  in  Fractions  5-7,  were  found  to  be  quite  close  to  the  constants  generally  accepted  for  dipentene  [4,9], 

Group  D  consisted  of  Fractions  9-16  (31.7*7o),  Fraction  13,  which  was  characteristic  of  this  group  (b,p,  182®, 
n*®D  1.4752,  d^®4  0.8486)  corresponded  to  y-terpinene  in  its  properties.  Crystalline  derivatives  were  not  obtained 
from  fractions  of  group  D. 

The  residue  from  the  distillation  (n*®D  1.495,  d*®4  0.862)  contained  terplnolene  (tetrabromide  with  m.p. 
116®),  and  some  unidentified  substances  with  a  lilgh  refractive  index. 
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SUMMARY 

The  conversion  of  llmonene  into  terplnolene  Is  a  reversible  reaction.  This  conversion  apparently  is  the 
main  reason  for  the  racemization  of  llmonene  when  the  latter  is  heated  with  acid  catalysts,  especially  with  solid, 
Umonene-lnsoluble  catalysts  of  the  titanic  acid  type. 
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LETTER  TO  THE  EDITOR 


In  an  article  we  published  [J.  Gen.  Chem.  26,  568  (1956)5,  we  described  the  preparation  and  properties  of 
dichloro-  and  trlchlorophenyltrlchlorosilanes.  On  repeating  these  syntheses  with  large  amounts  of  materials,  we 
established  that  the  mixture  of  Isomers  of  dlchlorophenyltrichlorosllane  boiled  at  127-130*  (10  mm)  and  had  d*®4 
1.5522  and  n*®D  1.5652,  and  that  trlchlorophenyltrichlorosilane  boiled  at  112-115*  (1  mm)  and  melted  at  63-67*. 

On  recrystalllzatlon  from  ether,  the  product  had  m.p.  67-69*. 

In  the  experiments  described,  we  used  technical  phenyltrlchlorosilane,  first  distilled  on  a  laboratory  column, 
with  b,p.  79*  (10  mm),  d*®2o  1.3265,  n*®D  1.5247}  in  experiments  presented  previously,  the  phenyltrlchlorosilane 
was  obtained  In  the  laboratory  by  means  of  an  organomagnesium  synthesis  from  SiCl4  and  bromobenzene ,  and  had 
b.p.  72-73*  (7  mm),  d*®2o  1.3151. 


A.  Ya.  Yakubovich  and  G.  V.  Motsarev 
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DISCUSSION 


THE  PROBLEM  OF  THE  ORDER  OF  C H LORO A RY L A TION  OF  VIN YLACETYLENE 

A.  A,  Petrov,  Kh,  V,  Bal'yan,  Yu.  I,  Kheruze  and  T.  V,  Yakovleva 
Lensoviet  Technological  Institute,  Leningrad 
Original  article  submitted  July  16,  1958 


The  recently  published  article  by  A,  V.  Dombrovskii  [1]  confirmed  data  [2]  indicating  that  vlnylacetylene 
is  only  chloroarylated  by  dlazonium  salts  at  the  ethylene  bond  (I).  Although  the  experiments  of  one  of  us  and 
A,  T.  Troshchenko  [3]  led  to  the  same  conclusion  as  regards  the  order  of  addition  of  diazomethane  to  vinylacetyl- 
ene,  the  exclusive  1,2- addition  of  chlorine  and  aryl  in  this  apparently  radical  process  seems  improbable  to  us. 


Substance 

Boiling  point 
(pressure , 
in  mm) 

B 

n*®D 

Acetylene 
compounds 
found  (in  %) 

Adducts  tt)  +  (n)  +  (m) 

Sample  A 

87*  (3) 

1.0790 

1.5643 

79 

Sample  B 

87*  (3) 

1.0798 

1.5642 

53 

A.  V,  Dombrovskli's  data  [1] 

105* (3) 

1.0788 

1.5641 

— 

Patent  data  [2] 

68-69*  (1.7) 

— 

1.5660  (31*) 

— 

Alcohols  (IV)  +  (V) 

Our  data 

96.5-97*  (3.5) 

1.0498 

1.5486 

76 

Literature  data  [5] 

98*  (2) 

1.0490 

1.5481 

— 

Chloride  (VI) 

Our  data 

78*  (3) 

1.0903 

1.5550 

100 

Literature  data  [5] 

75*  (2) 

1.0970 

1.5555 

— 

C6H6-CH=CH-Cs  CH 

1 

From  adducts  (I)  +  (II)  +  (III) 

63-65*  (2.5) 

0.9816 

1.6056 

83 

A.  V.  Dombrovskll's  data  [1] 

62* (3) 

0.9762 

1.6062 

- 

From  chloride  (VI) 

65-67* (3) 

0.9784 

1.6047 

94 

Literature  data  [5] 

59*  (2) 

0.9640 

1.6123 

— 

Many  repetitions  of  experiments  under  the  conditions  proposed  by  A.  V,  Dombrovskii  showed  that  the  cate¬ 
goric  conclusion  of  this  author  as  regards  the  order  of  chloroarylatlon  of  vlnylacetylene  did  not  correspond  to  actual 
fact.  In  all  cases,  the  chloroarylatlon  proceeded  with  the  formation  of  somewhat  variable,  but  always  considerable 
amounts  of  1,4-products  (20-40*^  of  all  adducts). 

.  We  demonstrated  this  by  analysis  of  the  infrared  spectra  of  the  adducts.  Together  with  the  frequencies  of 
a  terminal  acetylene  group  (2125  and  3290  cm"^),  the  spectra  contained  an  intense  frequency  at  1950  cm"^,  which 
could  only  be  ascribed  to  the  allene  grouping  of  compound  (II). 
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Infrared  transmission  spectra:  1)  chloroarylation  products  —  sample  Aj 
2)  the  same  —  sample  Bj  3)  mixture  of  alcohols  (IV)  and  (V);  4)  chlo¬ 
ride  (VI);  5)  phenylvlnylacetylene  from  the  chloroarylation  products; 
6)  the  same  —  from  chloride  (VI). 


CeHs-CHa-CHCl-feCH,  Cen5-GH2-CH=C=CHCI,  CeHs-CH^CCl— CH=CH2. 

(I)  (II)  (HI) 

Determination  of  the  acetylene  adduct  by  the  usual  method  [4]  gave  a  higher  content  of  it,  the  higher  the 
intensity  of  the  acetylene  grouping  frequency  in  the  spectrum  of  the  sample,  and  the  lower  the  intensity  of  the 
frequency  1950  cm”^  (samples  A  and  B), 

Apparently,  the  chloroarylation  products  of  vinylacetylene  contained  a  very  small  amount  of  yet  a  third, 
1,3-dlene  Isomer  (in),  since  the  spectrum  of  the  substance  plotted  In  the  region  of  6100  cm”^  with  a  glass  prism 
had  a  small  peak  characteristic  of  the  CH2=  grouping. 

Dehydrohalogenation  of  the  chloroarylation  products  of  vinylacetylene  under  the  conditions  presented  in 
A.  V.  Dombrovskll*s  article  yielded  phenylvlnylacetylene  containing  approximately  20%  of  allene  chloride  with 
a  considerably  less  labile  chlorine  atom  than  the  acetylene  chloride  (l).  The  samples  of  hydrocarbon  usually  con¬ 
tained  3-7%  of  chlorine,  and  after  a  second  treatment  with  alkali,  about  1.5%.  The  infrared  spectrum  of  the  hy¬ 
drocarbon  had  the  intense  frequency  1950  cm"^,  belonging  to  the  chloride  (II)  present. 

In  order  to  prepare  pure  phenylvlnylacetylene,  we  carried  out  a  Reformatskil  reaction  with  propargyl 
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bromide  and  benzaldehyde  in  the  presence  of  zinc  under  the  usual  conditions  [5],  when  it  was  found  that,  as  in 
the  case  of  aliphatic  aldehydes  [6],  this  reaction  was  accompanied  by  partial  propargyl  rearrangement  and  gave  a 
mixture  of  approximately  80*5?)  acetylene  (IV)  and  20®H)  allene  (V)  alcohols.  However,  the  chloride  (VI)  obtained 
by  the  action  of  S(X)l2  on  this  mixture  contained  the  allene  chloride  either  in  extremely  small  amounts,  or  not  at 
all.  The  same  could  be  said  of  the  phenylvlnylacetylene ,  which  was  obtained  by  dehydroha logenation  of  chlo¬ 
ride  (VI). 

CaHs— CHOH— CHa— feCH,  Ceiig— CHOH— CH-^C=CH2,  CeHs-CHCl— 

(IV)  (V)  (VI) 

The  experimental  data  we  obtained  are  presented  in  the  table  and  the  figure.  The  infrared  spectra  were 
plotted  on  an  IKS-14  spectrophotometer  in  the  region  up  to  bp  with  an  LiF  prism,  and  then  with  an  NaCl  prism. 
The  layer  thickness  was  0,032  mm. 
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